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(vecuronium bromide) for injection 


Minimizes 
the variables 


V Cardiovascular stability, even in elderly patients 
and in patients with cardiovascular disease! 


V NORCURON’ requires no dosage adjustments to 
avoid histamine release 


V May be used safely in patients with renal impair- 
ment, and ın patients with mild to moderate hepatic 
impairment*‘ 





As with all drugs in this class, NORCURON' 

should be administered by adequately trained 
"Er individuals familiar with its actions, characteristics 
A and hazards. 


See following page for brief summary of prescribing information 








-Norcuron — 
+ (vecuronium bromide) for injection 


Before prescribing, please consult complete product information, a summary of which follows: 


THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH ITS 
ACTIONS, CHARACTERISTICS, AND HAZARDS. 


CONTRAINDICATIONS: Norcuron® is contraindicated in patients known to have a hypersensitivity to it. 

WARNINGS: NORCURON® SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE SUPERVI- 
SION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE COMPLICATIONS THAT 
MIGHT OCCUR FOLLOWING ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION, 
ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN 
MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION. In patients who are known to have myasthenia gravis or the 
myasthenic (Eaton-Lambert) syndrome, small doses of Norcuron® may have profound effects. In such patients, a peripheral 
nerve stimulator and use of a small test dose may be of value in monitoring the response to administration of muscle 
relaxants 


PRECAUTIONS: General: Limited data on histamine assay and available clinical experience indicate that hypersensitivity 
reactions such as bronchospasm, flushing, redness, hypotension, tachycardia, and other reactions commonly associated 
with histamine release are unlikely to occur. 
Renal Failure: Norcuron® is well tolerated without clinically significant prolongation of neuromuscular blocking effect in 
patients with renal failure who have been optimally prepared for surgery by dialysis. Under emergency conditions in anephric 
patients some prolongation of neuromuscular blockade may occur; therefore, if anephric patients cannot be prepared for non- 
elective surgery, a lower initial dose of Norcuron® should be considered. 
Altered Circulation Time: Conditions associated with slower circulation time in cardiovascular disease, old age. edematous 
States nn in increased volume of distribution may contribute to a delay in onset time, therefore dosage should not be 
increased. 
— Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery time in keeping 
with the role the liver plays in Norcuron® metabolism and excretion. Data currently available do not permit dosage 
recommendations in patients with impaired liver function. 
term Use in 1.C.U.: In the intensive care unit, in rare cases, long-term use of neuromuscular blocking drugs to facilitate 
‘ mechanical ventilation may be associated with prolonged paralysis and/or skeletal muscle weakness that may be first noted 
| during attempts to wean such patients from the ventilator. Typically, such patients receive other drugs such as broad spectrum 
h antibiotics, narcotics and/or steroids and may have electrolyte imbalance and diseases which lead to electrolyte imbalance, 
-hypoxic episodes of varying duration, acid-base imbalance and extreme debilitation, any of which may enhance the actions of 
neuromuscular blocking agent. Additionally, patients immobilized for extended periods frequently develop symptoms 
consistent with disuse muscle atrophy. Therefore, when there is a need for long-term mechanical ventilation, the benefits-to- 
risk ratio of neuromuscular blockade must be considered. Continuous infusion or intermittent bolus dosing to support 
mechanical ventilation has not been studied sufficiently to support dosage recommendations. 

UNDER THE ABOVE CONDITIONS, APPROPRIATE MONITORING, SUCH AS USE OF A PERIPHERAL NERVE STIM- 
ULATOR, TO ASSESS THE DEGREE OF NEUROMUSCULAR BLOCKADE, MAY PRECLUDE INADVERTENT EXCESS DOSING. 
Severe Obesity or Neuromuscular Disease: Patients with severe obesity or neuromuscular disease may pose airway and/or 
n problems requiring special care before, during and after the use of neuromuscular blocking agents such as 

orcuron®. 
Malignant Hyperthermia: Many drugs used in anesthetic practice are suspected of being capable of triggering a potentially 
fatal hypermetabolism of skeletal muscle known as malignant hyperthermia. There are insufficient data derived from screening 
in Susceptible animals (swine) to establish whether or not Norcuron® is capable of triggering malignant hyperthermia. 
C.N.S.: Norcuron® has no known effect on consciousness, the pain threshold or cerebration. Administration must be 
accompanied by adequate anesthesia or sedation. 

Drug Interactions: Prior administration of succinylcholine may enhance the neuromuscular blocking effect of Norcuron® 
(vecuronium bromide) for injection and its duration of action. If succinylcholine is used before Norcuron®, the administration 
of Norcuron® should be delayed until the succinylcholine effect shows signs of wearing off. With succinylcholine as the 
intubating agent, initial doses of 0.04-0.06 mg/kg of Norcuron® may be administered to produce complete neuromuscular 
block with clinical duration of action of 25-30 minutes. The use of Norcuron® before succinylcholine, in order to attenuate 

some of the side effects of succinylcholine, has not been sufficiently studied. 

Other nondepolarizing neuromuscular blocking agents act in the same fashion as does Norcuron®, therefore these drugs 
and Norcuron® may manifest an additive effect when used together. There are insufficient data to support concomitant use 
of Norcuron® and other competitive muscle relaxants in the same patient. 

Inhalational Anesthetics: Use of volatile inhalational anesthetics with Norcuron® will enhance neuromuscular blockade. 
Potentiation is most prominent with use of enflurane and isoflurane. With the above agents the initial dose of Norcuron® may 
be the same as with balanced anesthesia unless the inhalational anesthetic has been administered for a sufficient time at a 
Sufficient dose to have reached clinical equilibrium. 
Antibiotics: Parenteral/intraperitoneal administration of high doses of certain antibiotics may intensify or produce neu- 
romuscular block on their own. The following antibiotics have been associated with various degrees of paralysis: ami- 
noglycosides (such as neomycin, streptomycin, kanamycin, gentamicin, and dihydrostreptomycin); tetracyclines; bacitracin: 
pom B; colistin; and sodium colistimethate. 
r: Experience concerning injection of quinidine during reve from use of other muscle relaxants suggest that recurrent 

sey may occur. This possibility must also be considered for Norcuron®. Norcuron® induced neuromuscular blockade 

as been counteracted by alkalosis and enhanced by acidosis in experimental animals (cat). Electrolyte imbalance and 
diseases which lead to electrolyte imbalance, such as adrenal cortical insufficiency, have been shown to alter neuromuscular 

> blockade. Depending on the nature of the imbalance, either enhancement or inhibition may be expected. Magnesium salts, 

administered for the management of toxemia of pregnancy, may enhance the neuromuscular blockade. 
Drug/laboratory test interactions: None known. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed to evaluate 
carcinogenic or mutagenic potential or impairment of fertility. 
Pregnancy: Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron®. Norcuron® 
should be given to a pregnant woman only if clearly needed. 
Pediatric Use: Infants under 1 year of age but older than 7 weeks, also tested under halothane anesthesia, are moderately 
more sensitive to Norcuron® on a mg/kg basis than adults and take about 1¥2 times as long to recover. Information presently 
available does not lle recommendations for usage in neonates. 

* ADVERSE REACTIONS: Norcuron® was well tolerated and produced no adverse reactions during extensive clinical trials. The 
most frequent adverse reaction to nondepolarizing blocking agents as a class consists of an extension of the drug's 
pharmacological action beyond the time period needed. This may vary from skeletal muscle weakness to profound and 
prolonged skeletal muscle paralysis resulting in respiration insufficiency or apnea. 

Inadequate reversal of the neuromuscular blockade is possible with Norcuron® as with all curariform drugs. These 
adverse reactions are managed by manual or mechanical ventilation until recovery is judged adequate. Little or no increase 
in intensity of blockade or duration of action of Norcuron® is noted from the use of thiobarbiturates, narcotic analgesics, 
nitrous oxide, or droperidol. See OVERDOSAGE for discussion of other drugs used in anesthetic practice which also cause 
respiratory depression. 

rolonged paralysis and/or skeletal muscle weakness have been reported after long-term use to support mechanical 
ventilation in the intensive care unit. (see PRECAUTIONS). 

Bronchospasm, flushing, redness, hypotension and tachycardia have been reported in very rare instances. 
OVERDOSAGE: The possibility of iatrogenic overdosage can be minimized by carefully monitoring muscle twitch response to 
peripheral nerve stimulation. 

Excessive doses of Norcuron® produce enhanced pharmacological effects. Residual neuromuscular blockage beyond the 
time period needed may occur with Norcuron® as with other neuromuscular blockers. This may be manifested by skeletal 
muscle weakness, decreased respiratory reserve, low tidal volume, or apnea. A peripheral nerve stimulator may be used to 
assess the degree of residual neuromuscular blockade from other causes of decreased respiratory reserve. 

Respiratory depression may be due either wholly or in part to other drugs used during the conduct of general anesthesia 
such as narcotics, thiobarbiturates and other central nervous system depressants. Under such circumstances, the primary 
treatment is maintenance of a patent airway and manual or mechanical ventilation unti! complete recovery of normal 

„respiration is assured. Regonol® (pyridostigmine bromide) injection, neostigmine, or edrophonium, in conjunction with 
-tropine or glycopyrrolate will usually antagonize the skeletal muscle relaxant action of Norcuron®. Satisfactory reversal 

e an be judged by adequacy of skeletal muscle tone and by adequacy of respiration. A peripheral nerve stimulator may also 

2 used to monitor restoration of twitch height. Failure of prompt reversal (within 30 minutes) may occur in the presence of 

extreme debilitation, carcinomatosis, and with concomitant use of certain broad spectrum antibiotics, or anesthetic agents 

~ and other drugs which enhance neuromuscular blockade or cause respiratory depression of their own. Under such 
circumstances the shes idl is the same as that of prolonged neuromuscular blockade. 
DOSAGE AND ADMINISTRATION: Before prescribing, please consult complete product information. Norcuron” (vecuronium 
bromide) for injection is for intravenous use only. This drug should be administered by or under the supervision of 

_ experienced clinicians familiar with the use of neuromuscular blocking agents. Dosage must be individualized in each case. 
The dosage information which follows is derived from studies based upon units of drug per unit of body weight and is 
intended to serve as a guide only, especially regarding enhancement of neuromuscular blockade of Norcuron® by volatile 


~ 
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anesthetics and by prior use of succinylcholine (see PRECAUTIONS Drug Interactions). Parenteral drug products should be 
— visually for particulate matter and discoloration prior to administration whenever solution and container permit. 

0 obtain maximum clinical benefits of Norcuron® and to minimize the possibility of overdosage, the monitoring of 
muscle twitch response to peripheral nerve stimulation is advised. 

The recommended initial dose of Norcuron® is 0.08 to 0.10 mg/kg (1.4 to 1.75 times the Egg) given as an intravenous 
bolus injection. This dose can be expected to produce good or excellent non-emergency intubation conditions in 2.5 to 3 
minutes after injection. Under balanced anesthesia, clinically required neuromuscular blockade lasts approximately 25-30 
minutes, with recovery to 25% of control achieved approximately 25 to 40 minutes after injection and recovery to 95% of 
control achieved approximately 45-65 minutes after injection. In the presence of potent inhalation anesthetics, the 
neuromuscular blocking effect of Norcuron® is enhanced. If Norcuron® is first administered more than 5 minutes after the 
start of inhalation agent or when steady state has been achieved, the initial Norcuron® dose may be reduced by 
approximately 15%, i.e., 0.060 to 0.085 mg/kg. 

Prior administration of succinylcholine may enhance the neuromuscular blocking effect and duration of action of 
Norcuron”. If intubation is performed using succinylcholine, a reduction of initial dose of Norcuron® to 0.04-0.06 mg/kg 
with inhalation anesthesia and 0.05-0.06 mg/kg with balanced anesthesia may be required. 

During prolonged surgical procedures, maintenance doses of 0.010 to 0.015 mg/kg of Norcuron® are recommended: 
after the initial Norcuron™ injection, the first maintenance dose will generally be required within 25 to 40 minutes. However. 
Clinical criteria should be used to determine the need for maintenance doses. Since Norcuron® lacks clinically important 
cumulative effects, subsequent maintenance doses, if required, may be administered at relatively regular intervals for each 
patient, ranging approximately from 12 to 15 minutes under balanced anesthesia, slightly longer under inhalation agents. (If 
less frequent administration is desired, higher maintenance doses may be administered. ) 

Should there be reason for the selection of larger doses in individual patients, initial doses ranging from 0.15 mg/kg up 
to 0.28 mg/kg have been administered during surgery under halothane anesthesia without ill effects to the cardiovascular 
system being noted as long as ventilation is properly maintained. 

Use by Continuous Infusion: After an intubating dose of 80-100 pg/kg, a continuous infusion of 1 g/kg/min can be initiated 
approximately 20-40 min later. Infusion of Norcuron® should be initiated only after early evidence of spontaneous recovery 
from the bolus dose. Long-term intravenous infusion to support mechanical ventilation in the intensive care unit has not been 
Studied sufficiently to support dosage recommendations. (see PRECAUTIONS). 

The infusion of Norcuron® should be individualized for each patient. The rate of administration should be adjusted 
according to the patient's twitch response as determined by peripheral nerve stimulation. An initial rate of 1 .g/kg/min is 
recommended, with the rate of the infusion adjusted thereafter to maintain a 90% suppression of twitch response. Average 
infusion rates may range from 0.8 to 1.2 g/kg/min. 

Inhalation anesthetics, particularly enflurane and isoflurane, may enhance the neuromuscular blocking action of non- 
depolarizing muscle relaxants. In the presence of steady-state concentrations of enflurane or isoflurane, it may be 
necessary to reduce the rate of infusion 25-60 percent, 45-60 min after the intubating dose. Under halothane anesthesia it 
may not be necessary to reduce the rate of infusion. 

pontaneous recovery and reversal of neuromuscular blockade following discontinuation of Norcuron® infusion may be 
expected to proceed at rates comparable to that following a single bolus dose. 

Infusion solutions of Norcuron® can be prepared by mixing Norcuron® with an appropriate infusion solution such as 5% 
pai in water, 0.9% NaCl, 5% glucose in saline, or Lactated Ringers. Unused portions of infusion solutions should be 

iscarded. 

Infusion rates of Norcuron® can be individualized for each patient using the following table: 


Drug Delivery Rate Infusion Delivery Rate 


(g/kg/min) 0.1 mg/mL (mL/kg/min) 0.2 mg/mLt 
0.7 0.007 0.0035 
0.8 0.008 0.0040 
0.9 0.009 0.0045 
1.0 0.010 0.0050 
1.1 0.011 0.0055 
j ia 0.012 0.0060 
1.3 0.013 0.0065 





*10 mg of Norcuron® in 100 mL solution 
t20 mg of Norcuron® in 100 mL solution 


The following table is a guideline for mL/min delivery for a solution of 0.1 mg/mL (10 mg in 100 mL) with an infusion pump. 
NORCURON® INFUSION RATE — mL/MIN 


Amount of Drug Patient Weight - kg 
u.g/kg/min 40 50 60 70 80 90 100 
0.7 0.28 0.35 0.42 0.49 0.56 0.63 0.70 
0.8 0.32 0.40 0.48 0.56 0.64 0.72 0.80 
0.9 0.36 0.45 0.54 0.63 0.72 0.81 0.90 
1.0 0.40 0.50 0.60 0.70 0.80 0.90 1.00 
1.1 0.44 0.55 0.66 0.77 0.88 0.99 1.10 
1.2 0.48 0.60 0.72 0.84 0.96 1.08 1.20 
1.3 0.52 0.65 0.78 0.91 1.04 1.17 1.30 





NOTE: If a concentration of 0.2 mg/mL is used (20 mg in 100 mL), the rate should be decreased by one-half. 


Dosage in Children: Older children (10 to 17 years of age) have approximately the same dosage requirements (mg/kg) as 
adults and may be managed the same way. Younger children (1 to 10 years of age) may require a slightly ngair initial dose 
and may also require supplementation slightly more often than adults. Infants under one year of age but older than 7 weeks 
are moderately more sensitive to Norcuron® on a mg/kg basis than adults and take about 12 times as long to recover. See 
also subsection of PRECAUTIONS titled Pediatric Use. Information presently available does not permit recommendation on 
usage in neonates (see PRECAUTIONS). There are insufficient data concerning continuous infusion of vecuronium in children, 
therefore, no dosing recommendation can be made. 
COMPATIBILITY: Norcuron® is compatible in solution with: 
0.9% NaC! solution 
5% glucose in water 
Sterile water for injection 
Use within 24 hours of mixing with the above solutions. 
Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration 
whenever solution and container permit. 
STORAGE: 15-30°C (59-86°F). Protect from light. 
AFTER RECONSTITUTION: : 
e When reconstituted with supplied bacteriostatic water for injection CONTAINS BENZYL ALCOHOL, WHICH IS NOT 
INTENDED FOR USE IN NEWBORNS. Use within 5 days. May be stored at room temperature or refrigerated. 
e When reconstituted with sterile water for injection or other compatible |.V. solutions: Refrigerate vial. Use within 24 hours. 
Single use only. Discard unused portion. REV. 3/89 


5% glucose in saline 
Lactated Ringers 
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SURGICAL 
PROCEDURES: 


THE ALFENTA 
ADVANTAGE 


*As with all potent oploids, 
appropriate postoperative 
monitoring should be employed 
to ensure that adequate 
spontaneous breathing is 
established and maintained. 
The duration and degree of 
respiratory depression and 
Increased alrway resistance 
usually Increase with dose, but 
have also been observed at 
lower doses. Because of the 
possibility of delayed respiratory 
depression, monitoring of the 
patient must continue well 
after surgery. 





Before prescribing, please consult complete prescribing information, of which the following is 
a brief summary. 


CAUTION: Federal Law Prohibits Dispensing Without Prescription 
DESCRIPTION: ALFENTA is a sterile, non: pyrogenic, preservative free aqueous solution containing alfentanil 
hydrochloride a heod to 500 pg per mi of alfentanil base for intravenous injection. The solution, which contains 
sodium chloride for isotonicity, has a pH range of 4.0-6.0. 
CONTRAINDICATIONS: ALFENTA (alfentanil hydrochloride) is contraindicated in patients with known hyper- 
sensitivity to the ae 
WARNINGS: ALFENTA SHOULD BE ADMINISTERED ONLY BY PERSONS SPECIFICALLY TRAINED IN THE USE OF 
INTRAVENOUS AND GENERAL ANESTHETIC AGENTS AND IN THE MANAGEMENT OF RESPIRATORY EFFECTS OF 
POTENT OPIOIDS. AN OPIOID ANTAGONIST, RESUSCITATIVE AND INTUBATION EQUIPMENT AND OXYGEN SHOULD 
BE READILY AVAILABLE. BECAUSE OF THE POSSIBILITY OF DELAYED RESPIRATORY DEPRESSION, MONITORING 
OF THE PATIENT MUST CONTINUE WELL AFTER SURGERY. ALFENTA (alfentanil hydrochloride) administered in 
initial dosages up to 20 g/kg may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence 
and severity of muscle rigidity is usually dose-related. Administration of ALFENTA at anesthetic induction dosages 
(above 130 pg/kg) will consistently produce muscular rigidity with an immediate onset. The onset of muscular 
rigidity occurs earlier than with other opioids. ALFENTA may produce muscular rigidity that involves all skeletal 
muscles, including those of the neck and extremities. The incidence may be reduced by: 1) routine methods of 
administration of neuromuscular blocking agents for balanced opioid anesthesia: 2) administration of up to 1⁄4 of the 
full eer ite dose of a neuromuscular blocking agent just prior to administration of ALFENTA at dosages up to 
130 pg/kg; following loss of consciousness, a full paralyzing dose of a neuromuscular blocking agent should be 
administered; or 3) simultaneous administration of ALFENTA and a full paralyzing dose of a neuromuscular blocking 
apart anen ALFENTA is used in rapidly administered anesthetic dosages (above 130 g/kg). The neuromuscular 
blocking agent used should be appropriate for the patient's cardiovascular status, Adequate facilities should be 
available for postoperative monitoring and ventilation of patients administered ALFENTA, It is essential that these 
facilities be full sgn to handle all degrees of Lee depression. 
PRECAUTIONS: DELAYED RESPIRATORY DEPRESSION, RESPIRATORY ARREST, BRADYCARDIA, ASYSTOLE. 
point cr ta HYPOTENSION HAVE ALSO BEEN REPORTED. THEREFORE, VITAL SIGNS MUST BE MONITORED 
General: The initial dose of ALFENTA (alfentanil hydrochloride) should be appropriately reduced in elderly and 
debilitated patients. The effect of the initial dose should be considered in determining np bag Mec doses. In obese 
patients (more than 20% above ideal total body wei nt) the dosage of ALFENTA should be determined on the basis 
of lean body weight. in one clinical trial, the dose of ALFENTA required to produce anesthesia, as determined by 
appearance of delta waves in EEG, was 40% lower in geriatric patients than that needed in healthy young patients. 
In patients with compromised liver function and in geriatric patients, the plasma clearance of ALFENTA may be 
reduced and postoperative recovery may be Pil Induction doses of ALFENTA should be administered slowly 
(over three minutes). Administration may produce loss of vascular tone and hypotension. Consideration should be 
given to fluid replacement prior to induction. to el administered immediately prior to or in conjunction with 
high doses of ALFENTA may produce vasodilation, hypotension and result in delayed recovery. Bradycardia produced 
by ALFENTA may be treated with atropine. Sevare bradycardia and asystole have been successfully treated with 
atropine and conventional resuscitative methods. The hemodynamic effects of a particular muscle relaxant and the 
degree of skeletal muscle relaxation required should be considered in the selection of a neuromuscular blocking 
nee Following an anesthetic induction dose of ALFENTA, requirements for volatile inhalation anesthetics or 
ALFENTA infusion are reduced by 30 to 50% for the first hour of maintenance. Administration of ALFENTA infusion 
should be discontinued at leas 10-15 minutes prior to the end of surgery. Respiratory depression caused by opioid 
analgesics can be reversed by opioid antagonists such as naloxone. Because the duration of respiratory depression 
produced by ALFENTA may last longer than the duration of the opioid antagonist action, appropriate surveillance 
should be maintained. As with all potent opioids, profound analgesia is accompanied by respiratory depression and 
diminished sensitivity to CO. stimulation which may persist into or recur in the postoperative period. Intraoperative 
hyperventilation may further alter postoperative response to CO.. Appropriate postoperative monitoring should be 
employed, particularly after infusions and large doses of ALFENTA, to ensure that adequate spontaneous breathing 
is established and maintained in the absence of stimulation prior to discharging the patient from the recovery area. 
Head Injuries: ALFENTA ma obscure the clinical course of patients with head injuries. 
Impaired Respiration: ALFENTA should be used with caution in patients with spelled disease, decreased 
respiratory reserve or potentially compromised respiration. In such patients, opioids may additionally decrease 
respiratory drive and increase airway resistance. During anesthesia, this can be managed by assisted or controlled 
respiration. 
Impaired Hepatic or Renal Function: In patients with liver or kidney dysfunction, ALFENTA should be 
administered with caution due to the importance of these organs in the metabolism and excretion of ALFENTA. 
Drug Interactions: Both the magnitude and duration of central nervous system and cardiovascular effects may 
be enhanced when ALFENTA is administered in combination with other CNS depressants such as barbiturates, 
tranquilizers, opioids, or inhalation general anesthetics. Postoperative respiratory sry ees may be enhanced or 
perdi by these agents. In such cases of combined treatment, the dose of one or both agents should be reduced. 
imited clinical experience indicates that requirements for volatile inhalation anesthetics are reduced by 30 to 50% 
for the first sixty (60) minutes following ALFENTA induction. The concomitant use of erythromycin with ALFENTA 





can significantly inhibit ALFENTA clearance and may increase the risk of prolonged or delayed respiratory depression. 


Perioperative administration of drugs affecting hepatic blood flow or enzyme function may reduce plasma clearance 
and prolong pacha S 

Carcinogenesis, Mutagenesis and Impairment of Fertility: No ong-term animal studies of ALFENTA have 
been performed to evaluate carcinogenic potential. The micronucleus test in female rats and the dominant lethal 
test in female and male mice revealed that single intravenous doses of ALFENTA as high as 20 mg/kg (approximately 
40 times the upper human dose) produced no structural chromosome mutations or induction of dominant lethal 
mutations. The Ames ee ae! metabolic activating test also revealed no mutagenic activity. 
Pregnancy Category C: ALFENTA has been shown to have an embryocidal effect in rats and rabbits when given 
in doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects could have been due 
to maternal toxicity (decreased food consumption with increased mortality) following prolonged administration of 
the drug. No evidence of teratogenic effects has been observed after administration of ALFENTA in rats or rabbits. 
There are no adequate and well-controlled studies in pregnant women. ALFENTA should be used during pregnancy 
only if the potential benefit justifies the potential risk to the fetus. 

Labor and Delivery: There are insufficient data to support the use of ALFENTA in labor and delivery. Placental 
transfer of the drug has been reported; therefore, use in labor and delivery is not recommended. 


AR 
Alfenta 
(alfentanil HCI) Injection G 


For moment-to-moment 
control of stress responses 


RAPID ONSET 


Rapidly blocks sympathetic 
responses to induction 
and intubation 


SHORT DURATION 


Results in quick recovery 
of consciousness* 


RAPID RECOVERY 


Postoperative respiratory 
depression is of short 
duration* 


Nursing Mothers: In one study of nine women undergoing post-partum tubal ligation, significant levels of 
ALFENTA were detected in colostrum four hours after administration of 60 ug/kg of ALFENTA, with no detectable 
levels present after 28 hours. Caution should be exercised when ALFENTA is administered to a nursing woman. 
Pediatric Use: Adequate data to support the use of ALFENTA in children under 12 years of age are not presently 
available. 

ADVERSE REACTIONS: The most common adverse reactions, respiratory depression and skeletal muscle rigidity, 
are extensions of known panman effects of opioids. See CLINICAL PHARMACOLOGY, WARNINGS and 
PRECAUTIONS on the management of respiratory depression and skeletal muscle rigidity. Delayed respirato 
depression, respiratory arrest, bradycardia, asystole, arrhythmias and hypotension have also been reported. he 
reported incidences of adverse reactions listed in the following table are derived from controlled and open clinical 
trials involving 1183 patients, of whom 785 received ALFENTA. The controlled trials involved treatment comparisons 
with fentanyl, thiopental sodium, enflurane, saline placebo and halothane. Incidences are based on disturbing and 
nondisturbing adverse reactions reported. The comparative incidence of certain side effects is influenced by the 
type of use, e.g., chest wall rigidity has a higher reported incidence in clinical trials of alfentanil induction, and by 
the type of surgery, e.g., nausea and vomiting have a higher incidence in patients undergoing gynecologic surgery. 


ALFENTA ‘ikea! Thiopental Sodium Enflurane Halothane Saline Placebo” 
) 





Percent (N=785) (N=24 (N=66) (N=55) (N= 18) (N=18) 
Gastrointestinal 
Nausea 28 44 14 5 0 22 
Vomiting 18 31 11 9 13 17 
Cardiovascular 
Bradycardia 14 7 8 0 0 0 
Tachycardia 12 12 39 36 31 11 
Hypotension 10 8 7 7 0 0 
Hypertension 18 13 30 20 6 0 
Arrhythmia 2 2 5 4 6 0 
Musculoskeletal 
Chest Wall 17 12 0 0 0 0 
Rigidity 
Skeletal Muscle 6 2 6 2 0 0 
à Movements 
espiratory 
Apnea 7 0 0 0 0 0 " 
Postoperative 2 2 0 0 0 0 
Respiratory 
Depression 
Dizziness 3 5 0 0 0 0 
Sleepiness/ 2 8 2 0 0 6 
Postoperative 
Sedation 
Blurred Vision 2 2 0 0 0 0 


*From two clinical trials, one involving supplemented balanced barbiturate / nitrous oxide anesthesia and one in 
healthy volunteers who did not undergo surgery. 


In addition, other adverse reactions less frequently reported (1% or less) were: Laryngospasm, bronchospasm, 
postoperative confusion, headache, shivering, postoperative euphoria, hypercarbia, pain on injection, urticaria, and 
itching. Some degree of skeletal muscle rigidity should be expected with induction doses of ALFENTA. 

DRUG ABUSE AND DEPENDENCE: ALFENTA (alfentanil hydrochloride) is a Schedule | controlled drug substance 
that can produce drug dependence of the morphine type and therefore has the potential for being abused. 
OVERDOSAGE: Overdosage would be manifested by extension of the pharmacological actions of ALFENTA 
(alfentanil hydrochloride) (see CLINICAL PHARMACOLOGY) as with other potent opioid ee No experience of 
overdosage with ALFENTA was res during clinical trials. The intravengus LDso of ALFENTA is 43.0-50.9 mg/kg 
in rats, 72.2-73.6 mg/kg in mice, 71.8-81.9 mg/kg in pines pigs and 59.5-87.5 mg/kg in dogs. Intravenous adminis- 
tration of an opioid antagonist such as naloxone should be employed as a specific antidote to manage respiratory 
depression. The duration of respiratory depression following overdosage with ALFENTA may be longer than the 
duration of action of the opioid antagonist. Administration of an opioid antagonist should not preclude immediate 
establishment of a patent airway, administration of oxygen, and assisted or controlled ventilation as indicated for 
hypoventilation or apnea. If respiratory depression is associated with muscular rigidity a neuromuscular blocking 
agent may be required to facilitate assisted or controlled ventilation. Intravenous fluids and vasoactive agents may 
be required to manage hemodynamic instability. 

DOSAGE AND ADMINISTRATION: The dosage of ALFENTA (alfentanil hydrochloride) should be individualized in 
each patient according to body on de physical status, underlying pathological condition, use of other drugs, and 
type and duration of ph fe rocedure and anesthesia. In obese patients (more than 20% above ideal total body 
weight), the dosage of ALFENTA should be determined on the basis of lean body weight. The dose of ALFENTA 
should be reduced in elderly or debilitated patients (see PRECAUTIONS). Vital signs should be monitored routinely. 
Protect from light. Store at room temperature 15°-30° C (59°-86° F). 
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tm JANSSEN 
2) 


March 1987, Apri! 1988 a 
U.S. Patent No. 4,167,574 


PHARMACEUTICA 49-7619902-M 


Piscataway, N.J. 08854 © Janssen Pharmaceutica Inc. 1989  JPI-AL-O40A 





te. 
E 
i 


É re A 


JZ d 





Amnesinesia 
ama Amalgesia 


SCIENTIFIC ARTICLES 


Contents 


Volume 71, Number 5, November 1990 





Isoflurane-Induced Vasodilation: 
Role of the a-Adrenergic Nervous System 


Human Auditory Steady-State Response During 
General Anesthesia 


Does Isoflurane Lead to a Higher Incidence of 
Myocardial Infarction and Perioperative Death Than 
Enflurane in Coronary Artery Surgery? A Clinical Study 
of 1178 Patients 


Low-Dose Almitrine Bismesylate Enhances Hypoxic 
Pulmonary Vasoconstriction in Closed-Chest Dogs 


Contributions of Liver Perfusion Flow Rate and Enzyme 
Inhibition to Altered Verapamil Clearance With 
Halothane: A Study in the Isolated Perfused Rat Liver 


Correlation of Train-of-Four and Double Burst 
Stimulation Ratios at Varying Amperages 


Hemodynamic Effects of Diltiazem During 
Vasoconstrictor Pulmonary Hypertension in Sheep 


Pharmacokinetics and Pharmacodynamics of Doxacurium 
in Young and Elderly Patients During Isoflurane 
Anesthesia 


Changes in Cerebral Blood Flow Velocity After Release 
of Intraoperative Tourniquets in Humans: A Transcranial 
Doppler Study 


Comparison of Propofol and Thiopental/Halothane for 
Short-Duration ENT Surgical Procedures in Children 


Preoxygenation in the Elderly: A Comparison of the 
Four-Maximal-Breath and Three-Minute Techniques 


Cardioprotective Effects of Carnitine in Extensive 
Aortocoronary Bypass Grafting: A Double-Blind, 
Randomized, Placebo-Controlled Clinical Trial 


A Rabbit Model for Evaluation of Spinal Anesthesia: 
Chronic Cannulation of the Subarachnoid Space 


Debra A. Schwinn, R. William McIntyre, and 
J. G. Reves 


G. Plourde and T. W. Picton 


Kazuo Inoue, Wolfgang Reichelt, Aly 
El-Banayosy, Kazutomo Minami, Gerlinde 
Dallmann, Nikolaus Hartmann, and 
Jürgen Windeler 


Linda Chen, Francis L. Miller, William R. 
Clarke, Francois X. Clergue, Carol Marshall, 
and Bryan E. Marshall 


Edward J. Frink, Jr, Thomas H. Kramer, 
Susan M. Banchy, and Burnell R. Brown 


Sorin J. Brull, Neil R. Connelly, and David G. 
Silverman 


Ronald G. Pearl and James C. Finn 


David L. Dresner, Salvatore J. Basta, 
Hassan H. Ali, Ann F. Schwartz, Patricia B. 
Embree, William A. Wargin, Allen A. Lai, 
Karen A. Brady, and John J. Savarese 


Roger P. Hirst, Teresa A. Slee, and 
Arthur M. Lam 


A. Borgeat, V. Popovic, D. Meier, and 
D. Schwander 


Stephen J. Valentine, Robert Marjot, and 
Christopher R. Monk 


R. Demeyere, P. Lormans, B. Weidler, 
J. Minten, H. Van Aken, and W. Flameng 


Lev Langerman, Gershon Chaimsky, Eliyahu 
Golomb, Marc Tverskoy, Avraham I. Kook, and 
S. Benita 


451 


460 


469 


475 


484 


489 


493 


498 


503 


SL 


516 


520 


529 


TSM 


IN THE OR. 






37° 
12 YEAR OLD MALE 
MUITIPLE TRAUMA WITH 
C-SPINE FRACTURE 


36° 


TRANSPORT, 
EMERGENCY ROOM, ® 
CT SCAN | 


35° 
34° 


33° 


BAIR HUGGER™ 
CONVECTIVE WARMING™ 
THERAPY STARTED 


*Terms of guarantee: 

1. Bair Hugger'” Convective Warming Therapy must 
begin immediately after induction of anesthesia on 
the “high” setting and continue throughout the case 
if indicated. 

2. Infused blood and fluids must be warmed to body 
temperature. 


If these two criteria are met and the patient is 
hypothermic at the end of the operation (core 
temperature <36°C), Augustine Medical will replace 
the Warming Cover. This guarantee is limited to the 
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IARS 


NEW OFFICE ADDRESS 


Effective October 1, 1990, the Interna- 
tional Anesthesia Research Society 
headquarters office in Cleveland 


The American Board of Anesthesiol- 
ogy (ABA) will administer its fourth 
written examination in CRITICAL 
CARE MEDICINE at the Westin Ho- 
tel-O’Hare in Rosemont, Illinois on 


moved to the following new address: Friday, September 27, 1991. Diploma- 


tes of the ABA and other ABMS Mem- 
ber Boards who apply and are judged 
to be qualified by virtue of their addi- 
tional training or experience in Critical 
Care Medicine will be accepted for ex- 
amination. An application may be re- 
quested by writing to the Secretary, 
American Board of Anesthesiology, 
100 Constitution Plaza, Hartford, Con- 
necticut 06103-1721. The deadline for 
receipt of completed applications in 
the Board office is April 30, 1991. 


International Anesthesia 
Research Society 

Suite 140, 2 Summit Park Drive 
Cleveland, Ohio 44131-2553 


NEW TELEPHONE NUMBER: 
(216) 642-1124 


All membership payments and corre- 
spondence regarding IARS member 
subscriptions, annual scientific meet- 
ing matters, the B.B. Sankey Anesthe- 
sia Advancement Award, etc., should 
be sent to the above address. 




















1991 B.B. SANKEY 
ANESTHESIA ADVANCEMENT AWARD 


Applications for up to $25,000 are invited for the 1991 Award, subject to the following basic 
conditions: 


è The proposal must be within the general field of anesthesiology and may be for research, 
clinical care, education, or administration. 
The applicant must be a member of the International Anesthesia Research Society. 
Applications must be received in the IARS Cleveland office no later than December 14, 1990. 
Where relevant, applications must include institutional approval of human studies and/or 
animal research. 
The official application for the Award must be used. This form, as well as the guidelines for 
applicants, is available on request to: 


International Anesthesia Research Society 
Suite 140, 2 Summit Park Drive 
Cleveland, OH 44131-2553 

Telephone: (216) 642-1124 


The 1991 Award(s) will be announced at the Annual Scientific Meeting (65th Congress) of the 
International Anesthesia Research Society to be held at the Marriott Rivercenter, San Antonio, 
Texas, March 8-12, 1991. 
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Mock Orals Help Dr. Smith 


Why the Osler course best meets your indivual needs: 
Home-study, lectures, and practice oral exams — limited to 90 participants 


The Osler Institute Anesthesiology Oral Boards Tutorial 
February 10-15, 1991 — Las Vegas 
April 15-23, 1991 — San Diego 


Dear Fellow Physician: 


Dr. Smith (not his real a paren 
oral boards several times. His group 
satistied with hi work bat is job derended 
on becoming board certified. He was eligible 
to take the exam only one more time. A 
friend advised him to take our Osler 
ee tute’s Anesthesiology Board Review 

ourse. 


Home Study Questions 


Before the course, we sent him several 
hundred pages of multiple choice questions 
and keywords with answers and 
explanations. Thes were given to us by past 
participants. Now we also have a collection 
of mock-oral-exam stem cases and related 
questions to send you. 


Free Sample Offer 


We offer to send you a gift without 
obligation: a free sample of our multiple 
choice questions or our mock oral cases. We 
would like to share these with you whether or 
not you take our course. Please request on 


course registration form. 


Complete Syllabus 


We can also send you a copy of a previous 
course syllabus. Our price to you is $60 
(about our uction cost). The supply is 
limited. Those registering for the a day 
lecture course will receive several hundred 
pages of current lecture notes and all home 
study materials at no extra charge. 


Great Lectures 


At the course, Dr. Smith enjoyed six days 
of outstanding lectures by some of the best- 
known either in anesthesiology — as 
well as by several outstanding junior 
faculty who had been asked back because 
of their excellent participant evaluation 
scores. Also several new faculty had been 


recommended for their speaking ability. 


Some of the lectures were of little use to Dr. 
Smith — he is regarded as an expert in his 


Name 
Address 
City/State/Zip 
Phone 


pt ee ee 


| Mail Today to: 

| 1094 Dawn Lane, Dept.-B11 
| P.O. Box 2218 

| Terre Hante, IN 47802 


Limited Enrollment: Anesthestology Tutorial Registration 


field; he could have given several of the 
lectures himself. Knowledge was not his 
poen his problem was pee his 

owledge in the oral exam. He skipped 
several lectures to attend: 


Mock Oral Exams 


The first day of the course, a recently 
retired board examiner explained the 
philosophy, process, and scoring of the real 
oral exam. Each evening as well as 
concurent with most lectures there were 
mock oral exams for Dr. Smith. These are 
group sessions with one participant taking 
the hot seat for about 25 minutes while others 
watch. Each participant is entitled to a tum 
in the hot seat as well as unlimited 
observation of others. 


When Dr. Smith took the hot seat his heart 
quic uickened, his palms sweated, and his hands 

ook. The onl presented a stem 
question, paused a minute, then asked the 
first question. Dr. Smith opened his mouth, 
but his tongue was thick and dry. He 
Stammered and stuttered — failed to form 
even a sentence — just like when he failed the 
real oral exam. But this time was different, 
the faculty coached and encoumged 
him. His panic passed and hs performance 
Improved. 

Extra Mock Orals 


The course budget could not suppost 
enough faculty for an unlimited number of 
mock orals for every participant In our 
previous course, assertive attendees had 
taken the hot seat repeatedly before others 
had a chance In response, we mark 
participant name sean for the first mock oral. 
We also hire additional faculty time and sell 
$70 tickets for extra tums in the hot seat. 

Dr. Smith became more comfortable in the 
hot seat. He contmued to improve. 


Private and Dual Orals 


Dr. Lee, however, was too shy to take the 
hot seat in front of anyone else. We now 


For:[ |] Feb. 10-15, 1991 — Las Vegas 
[ ] Apr. 15-23, 1991 ~ San Diego 


L] Check Enclosed for $——— 


l | Pieace cand free camnile 


have a dollar surcharge for private 
sessions. , Dr. Jones wanted two 
examiners, just like the real exam. Such 
sessions take twice the faculty time, so we 
must charge $140 per session. 


Video Mock Orals 


At our June course, we had a portable TV 
studio to make educational tapes with some 
of the faculty. Video taping mock orals was 
so that we now offer a video tape of 
your practice exam for an extra thirty dollars 
per session. 

Extra Mock Oral Days 


Lectures end on Saturday and the real oral 
exams are the next Monday through Friday. 
What do you do in the meantime? Sunday 
through T of oral exam week are 
optional extra days of mock oral exams. For 
$140 per day, attendees receive one 25 
minute hot seat session and observation of 
other sessions for nine hours. 


Your Individual Needs 


The quality of our courses gave us growth. 
Growth helped us improve to meet your 


observation of one-on-one mock oral exams. 
Passing Your Boards 


Will our course nop you pass your boards? 
Dr. Smith passed his oral exam the week 
after our course. A candidate calling to 
register for our course told us: 

“Five of my partners took your course; 
they all passed their oral boards; and 
they all recommended your course.” 
One of our faculty reported: 
“All of my residents who took the 

course passed their boards.” 

We can’t guarantee that you will pass. We 
can’t say that taking our couse will make 
the difference between passin Eome alt 
ee catia iat elo OL 
us that the course was help gc 
registration form to request a free sample. 

We look forward to meeting you at our 
course and helping you pass your board 
exams. 


Cordially, 
a H. Selliken, Jr., M.D. 


P.S. Call us today at 1-800-356-7537 
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An Invaluable Source for Neurologists and Neurosurgeons 


Focal Peripheral Neuropathies 


John D. Stewart, B.Sc., M.B., B.S., M.R.C.P., F.R.C.P.(C), 
Associate Professor, Department of Neurology and Neurosurgery and Department of Medicine, McGill University; 
Director EMG Laboratory, The Montreal General Hospital, Montreal, Quebec 


Illustrated by Margo Siminovitch, B.Sc., A.A.M., Director of Educational Resources. The Montreal General 
Hospital, Montreal, Quebec 


Focal Peripheral Neuropathies is a comprehensive reference source 
for all physicians and surgeons who treat patients with acute and 
chronic peripheral nerve lesions. Neurologists and neurosurgeons, as 
well as hand and plastic surgeons, orthopedists, rheumatologists, and 
specialists in physical medicine and rehabilitation will find this well 
illustrated volume presents clinical and research information directly 
applicable to practice. 


This 421 page, 24 chapter text is devoted to the study of lesions of the 
individual peripheral nerves, from the spinal nerve roots to the terminal 
digital branches. The text systematically discusses the causes, 
symptoms, and differential diagnoses of radiculopathies, plexopa- 
thies, and focal neuropathies involving individual peripheral nerve 
trunks and their more important branches. 


1987 - 421 pages + 117 figures + cloth - 0-444-01132-3 - $63.00 
(Dfl. 205.00 outside North America) 


Contents 


1 The Structure of the Peripheral Nervous System 
2 Pathological Process Producing Focal Peripheral 
Neuropathies 
3 Electrical Activity in Normal and Abnormal Nerves 
4 The Evaluation of Patients with Focal Neuropathies 
5 The Cervical Spinal Nerve Roots and Spinal Nerves 
6 The Cervical Plexus and the Nerves of the Neck 
7 The Brachial Plexus 
8 The Nerves Arising from the Brachial Plexus 
9 The Median Nerve 
10 The Ulnar Nerve 
11 The Radial Nerve 
12 The Digital Nerves 
13 The Cauda Equina, Lumbar and Sacral Nerve Roots, 
and Spinal Nerves 





a | ee | 
FIGURE 12.1 Palmar view of the right wrist and hand, showing the course and 
branching of the median and ulnar nerves. These nerves first divide into the 
common digital nerves. which then divide further to become individual proper 


palmar digital nerves. The transverse carpal ligament and its extension, which 
forms the roof of Guyon's canal, are marked with asterisks. 


14 The Lumbosacral Plexus 

15 The Sciatic Nerve, the Gluteal and Pudendal Nerves, 
and the Posterior Cutaneous Nerve of the Thigh 

16 The Common Peroneal Nerve 

17 The Tibial, Plantar, Interdigital, and Sural Nerves 

18 The Femoral and Saphenous Nerves 

19 The Lateral Cutaneous Nerve of the Thigh 

20 The Obturator Nerve 

21 The lliohypogastric, llioinguinal, and 
Genitofemoral Nerves 

22 The Thoracic Spinal Nerves 

23 Mononeuropathy Multiplex 

24 Neuropathic Pain 


ORDER FORM 


Please send me: 


________ copy(ies) of Stewart/Focal Peripheral Neuropathies 0-444-01132-3 cloth 


(Dfl. 205.00 outside North America). 
Payment (In New York, please add applicable 


$63.00 


Please bill me. (Billed customers will be charged the net cost plus postage and handling.) 








State CZ) Code 





Sales tax) sean 
Enclosed please find my: 

check | | bank draft aiii 
Please charge to: City 


American Express! | VISA 
| MasterCard/Access/Eurocard 
(issuing bank # ) 








Account # Expires 


Signature 











2/90 


Send to your usual supplier or: 

in North America: 

Elsevier Science Publishing Co., Inc. 
PO. Box 882, Madison Square Station 
New York, NY 10159 


For Faster Service, call or fax today to place your order: 


in the rest of the world: 
Elsevier Science Publishers 
Direct Mail Department 

PO. Box 211, 1000 AE 
Amsterdam, The Netherlands 


Telephone #: (212) 633-3650 
Fax #: (212) 633-3880 


Note: Please allow 6-8 weeks for delivery. Prices subject to change without notice. 


“a ELSEVIER SCIENCE PUBLISHING CO., INC. 


X3AJ 


All 


INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 
65th CONGRESS — March 8-12, 1991 


Marriott Rivercenter e San Antonio, Texas 


MEETING REGISTRATION, HOTEL RESERVATION, SCIENTIFIC MEETING INFORMATION: Will be 
mailed in December to all IARS members. (IARS members outside of North America who plan to attend the meeting will 
receive this material by airmail upon request.) Non-[ARS members should request information from the NEW IARS OFFICE 
ADDRESS: Suite 140, 2 Summit Park Drive, Cleveland, OH 44131. Tel: (216) 642-1124. 


MEETING SCHEDULE: Registration: Friday, March 8, 1-6 PM 


Scientific Program: Saturday—Tuesday, March 12 
Exhibits: Saturday—-Monday, March 11 


SCIENTIFIC PROGRAM 


T.H. Seldon Distinguished Lecture, Sunday, March 10, "Anesthesiology and its Journals" 
Nicholas M. Greene, MD, Emeritus Professor of Anesthesiology, 
Yale University School of Medicine, New Haven, Connecticut, 
and Editor-in-Chief, ANESTHESIA and ANALGESIA 


REVIEW COURSE LECTURES: 
MD Abel, MD — Transesophageal Echocardiography — Its Real Role in Clinical Anesthesia 
PG Barash, MD — Preoperative Assessment of the Patient With Cardiac Disease 
DR Bevan, MD, and RD Miller, MD — Anesthesia Literature — A Critical Approach to Reading and Writing 
DR Cook, MD — Anesthetic Management of Neonatal and Infant Surgical Emergencies 
MJ Cousins, MD — The Injury Response and the Prevention of Postoperative Pain 
BG Covino, MD — New Techniques in Regional Anesthesia 
N Ellison, MD — Blood Transfusions — When and What? 
M Finster, MD — New Trends in Obstetric Pain Relief 
AB Froese, MD — Ventilator-Related Lung Injury — New Concepts 
TJ Gal, MD — Anesthesia and Gas Exchange — HPV, FRC, CC, and Other Acronyms 
DE Longnecker, MD — The Case for Perioperative Blood Pressure Control 
M Maze, MD — Alpha-2 Agonists and Anesthesia 
SC Nicolson, MD — Perioperative Fluid Management in the Pediatric Patient 
WS Nimmo, MD — Alternate Modes of Drug Delivery 
GW Ostheimer, MD — Contemporary Issues in Obstetric Anesthesia 
RG Pearl, MD — Sepsis — Etiology and Management 
DS Prough, MD — Anesthetic Management of the Patient With Head Trauma 
C Prys-Roberts,DM — Total Intravenous Anesthesia — Assessment of Adequacy 
JG Reves, MD — Physiology of Cardiopulmonary Bypass 
JJ Savarese, MD — Does the Choice of Muscle Relaxant Really Matter? 
S Slogoff, MD — Outcome Studies in Anesthetic Data — A Perspective 
NT Smith, MD — Perioperative Anesthetic Data — What to Do With It? 
RK Stoelting, MD — Allergy and Anesthesia 
JH Tinker, MD — How?/Should?/Does? Malpractice Litigation Affect Anesthetic Practice? 
PF White, MD — Monitored Anesthesia Care — Appropriate Use of Adjuvant Drugs 
MP Yeager, MD — The Role of Regional Anesthesia in Improving Surgical Outcome 


PANELS 
ANESTHESIA MACHINES AND VENTILATORS — Saturday AM, March 9 
NW Lawson, MD, Moderator; JJ Andrews, MD, J Condurso, North American Drager, and JB Biondi, Ohmeda 


YOU, THE ANESTHESIOLOGIST IN COURT — A MOCK MEDICAL MALPRACTICE TRIAL 
(Based on an actual case) — Saturday PM, March 9 
DH Morrow, MD, Moderator; Hon. D Hittner, F Stein, Mp, TP Sartwelle, Esq., RJ Swift, Esq. 
EMERGENCY AIRWAY MANAGEMENT — Monday aM, March 11 
MS Gorback, MD, Moderator; JL Benumof, MD, EJ Krane, Mp, CB Watson, MD 


LEGISLATIVE UPDATE — LUNCHEON SESSION — Sunday, March 10 
BP Stephenson, MD, and AC Lang, representing American Society of Anesthesiologists 


CLINICAL AND RESEARCH PRESENTATIONS 


More than 300 clinical and research papers will be presented in concurrent oral and poster sessions. 


REGISTRATION * CME CREDIT ° AIR TRAVEL * HOTELS 
FEES: IARS Members — $275 ($300 on site) Non-members — $450 ($475 on site) 
IARS Educational Members — No fee Non-member residents — $50 (with certification) 
CME CREDIT: Category 1 — 28 hours 
DELTA SPECIAL AIRFARES: Discounted fares for [ARS meeting registrants. For details call 1-800-241-6760, File No. P-0095. 


HOTELS: The Marriott Rivercenter will serve as headquarters hotel where all meetings and exhibits will be held. A limited 
number of additional rooms have been blocked at the St. Anthony. Reservation forms to be included in the December mailing 
must be used to obtain the discounted rates of IARS meeting registrants. 


“Understanding anesthesiology 
billing and practice management 
is the key to a successful system... 


that's where Northern Health 
Systems comes in.” 


li you're looking for a computer system for your 
office, talk to the one company that really knows your 
business. 

At Northern Health Systems we can talk power. We 
can talk performance. And we can talk to just about any 
computer you want - including industry standard hard- 
ware, like IBM, Compaq, and many more. 

But most importantly, we can talk anesthesiology. 
With a system that was designed exclusively to handle 
all of the unique aspects of anesthesiology billing and 
practice management. 

Our ULTRA Anesthesiology System can provide 
you with advanced features such as: 


e Unit, fee-for-service, & CRNA billing 

e Calculation of multiple start & stop times 

e Automatic concurrency calculation 

e Actual time reimbursement calculation 

e Claims printed daily or sent electronically 

e Automatic reporting of daily, monthly and yearly 
financial, clinical & demographic information 





e Custom management reports 

e Software updates that keep pace with industry 
changes, so your system never becomes obsolete 

e Software modules that manage word processing, 
electronic claims, A/R, A/P, G/L, P/R, spread- 
sheets, research, and graphics 

e Turnkey systems that include hardware, software, 
training, and toll-free customer support 

e And much, much more! 


So if you're looking for a computer system for your 
office, talk to the anesthesiology specialists. Call 
Northern Health Systems for your free information kit. 


1-800-2GET-NHS 


Ferio Northern Health Systems, Inc. 
5500 Corporate Drive, Pittsburgh, PA 15237 


rries me. 
999 


products wo 
avoid them 


Is there any way to 


a= 
© 
© 
p 
E 
Z 
SD 
of 
S 
©% 
© 
= 





In plasma volume expansion 
i YES! 
% 


(hetastarch) 


Derived from corn, not blood...no risk of 
serum-transmitted diseases with HESPAN® 
HESPAN® is derived from a waxy starch consisting almost entirely 
of amylopectin.’ Consequently, there is no risk of serum-transmitted 


diseases, such as AIDS or hepatitis, with HESPAN®.? Furthermore, 
HESPAN® is as effective as albumin for plasma volume expansion.?° 





Flexible plastic bag won’t shatter 
and permits rapid pressurized infusion 


HESPAN® is packaged in a lightweight plastic bag. The compact, 
unbreakable bag can be stored easily, retrieved quickly, and is 
designed for rapid setup and infusion. 


For more information about HESPAN®, please call 
1-800-527-2601. 


Please see brief summary of prescribing information on the following page 





Better things for better living 


Ag tat Preeoribi Aoli 2. Watora Hi Christansen MA, 
aanaeio in Bi Burn Care Rehebél 


Sado RM: a An Heche. ode 
1909;10:11-16. a Rocio EO; Fak. ak fonts ot ak Fluid n Ie amory aoar A 
comparison of the cardioroepiatory afiects of abumin, hetastarch, and salina 

patients with hypovolemic and septic shock. Crt Care Med 1983;11:839-850. 





Hespan® (hetastarch) 

6% Hetastarch in 0.9% Sodium Chloride Injection 
of Presoribing information 

HESPAN i contraindicated in patients with 


known hypersensitivity to hydroxyathyl starch 
disorders, or with congestive heart fale whare volume overload Ia a potent 
okie ts should nat be usad in renal dleease with oliguria or anuria not related to 


Usage in Plasma Volume Large volumes alter the coagulation mecha- 
nem. Thus, admintstration of H reeult in prolongation of romeo, 
and times. adminisiration of doses physician 

@hould also be alert to the prolongation of 


rai Ect plan el ge bl or itt ge pl Ne ay 
Merrill Phor aoe eer ere ee eee pees ee colloidal solutions over 


in Der aborts iicthece rere HESEEN D ceed repeats 
8 
aa Tar Ine prevention A coret a SaN ATI AC E nes 
Vaage i Madras paceman ee ie bin levels have been 
nes reas PAN and to the collection of Erak lenght 
tone 
globin levels return to normal within 24 eet eerie Spe a 
aio rest in 24 hour declines of total prolein, albumin and fibrinogen values. None of 


these decreases are to fea does pass saren be cir bcally gta wie to e concre 
PRECAUTIONS 
Genereh Regular and frequent clinical evaluation and completa blood counts (CBC) are nec- 


Th pony casino dado kein, Cadon shoe ed ene 
nak of pulmonary edema and/or congestive heart a aae POTT te 
ceected in pgbots who hava knpa ed Tonal Gorance since siete principal wey D which 


e A a have been reported in 2 out of 20 
ier adhe Hel pe HESPAN | Total biflrubin was within 

Imite atal indirect bilirubin Pa normal dpi more PID UR ma Infusion, 
The significance, if any, of theee elevatione Is not known; however Caution be obeerved 


before acrninistering HESPAN to patients with a history of liver disease. 

ee ee produce hypersensitivity reactions such aa and urti- 
A a a a AN 

stv) afecte occur ey are are readky controfied by discontinuation of the drug and, if necessary, 


HESPAN, though a pe chee ooo ay o administration of 


impairment of tem stud of animais 
Carcmoganesin met evaluate the carcinogenio Api sell 


reegen MaE Sanay Coma C. Anime ton sues havo rot bamn 
with HESPAN. Ile aeo not known whether HESPAN can cause fetal harm when 
administered to A Pregnani WOMAN Ot aie (or cco CARACH: H HESPAN should ba 
Given io 4 pregnant Woran oriy Kaes neaded 

Assing Motivera! It's. not kna heiter hasaiarch b eae h himan ime Dooni 
many drugs are excreted in human miik, caution shouid be exerclsad when HESPAN is admin- 
istered to a nuraing woman. 


Sie ee rere enn eee 


Reacts ary nena ae anata submaxillary and 


mad Influences Lt lea crs ead phi 
axiret, anaphyiactoid reactions (periorbital edema, u 
i) blog Pp ape seo Wanings), A a r 


ADMINISTRATION 
fOr Meine rd Tama TONSna Danion Saeed T pe 
venous Infusion oniy. Tota! dosage and rate of infusion depend upon the amount of blood or 
P ane tale OST ono aroa aduis, the amount usually administered is 


000 mL. Dosee of more than 1500 mL per day for the typical 70 kg patient {approx 
mL per kg of not ined, aith doses have bean 
e a dee eee a 


trauma patients where severe blood 
STRAT nen memean has been added le admiri- 
addition to the ine of the apparatus at a of 1:8 to 1:19 to 
blood. The HESP anid citrate shou be thoroug phe assure effective 


of blood as it flows through the leukaphereeis m 


Parenteral drug Kadd b Feporisd ior periclo maker end soos anOrT IGE ts 
administration solution and container pernit. 

The salety and compatibility of other addifivee heve not beon established. 

EMD 


Le mi Avoid excessive 
tact fom feazing itis recommended ta the product be tore al reom temperature (8°C) 
however, brief exposure up to 40°C does not adversely affect the product. 


HESPAN Is sterile and nonpyrogenio in 500 mL intravenous plastic infusion containers 
(NDC -44) and 600 ml. intravenous glase bottles (NDC 0058-0037-05). 


CAUTION 
Federal (USA) law prohibits dapensing without preeaription. 


CRatributed by 
E.I. du Pont de Nemours & Ca. 


Witnington, Delaware 18898 > 
Pais Apri, 96 U PONE 


H-24754 





[ARS REVIEW COURSE 
LECTURES AVAILABLE 


__. 1990, 64th Congress—26 Review 


Course Lectures—$10.00 


—— 1989, 63rd Congress—27 Review 


Course Lectures—$10.00 


_—— 1988, 62nd Congress—26 Review 


Course Lectures—$10.00 


__.. 1987, 61st Congress—25 Review 


Course Lectures—$6.00 F 


___. 1986, 60th Congress—26 Review 


Course Lectures—$6.00 


__... 1985, 59th Congress—26 Review 


Course Lectures—$6.00 


___. 1984, 58th Congress—24 Review 


Course Lectures—$6.00 


___. 1983, 57th Congress—16 Review 


Course Lectures—$5.00 


___. 1982, 56th Congress—14 Review 


Course Lectures—$5.00 
To: 
International Anesthesia Research Society 
Suite 140, 2 Summit Park Drive 
Cleveland, Ohio 44131-2553 
Please send Lecture Booklets checked above. 


My check, payable to [ARS in the amount of 
$ is enclosed. 


(Name) 


(Mail Address) 





(City, State, Zip) 


X, 


ANESTH ANALG 451 
1990;71:451--9 


Isoflurane-Induced Vasodilation: Role of the a-Adrenergic 


Nervous System 


Debra A. Schwinn, MD, R. William McIntyre, MD, and J. G. Reves, MD 


SCHWINN DA, McINTYRE RW, REVES JG. Isoflurane- 
induced vasodilation: role of the a-adrenergic nervous 
system. Anesth Analg 1990;71:451~9. 


Isoflurane is a potent systemic vasodilator. Because isoflu- 
rane vasodilation is clinically significant, we sought to 
explore whether decreases in systemic vascular resistance 
caused by isoflurane involve the a-adrenergic nervous 
system in humans. Specifically, we tested the hypothesis 
that isoflurane systemic vasodilation is mediated via inhi- 
bition of vascular aœ -adrenergic responsiveness. Phenyl- 
ephrine pressor dose-response curves were established before 
anesthesia and during isoflurane/oxygen anesthesia in pa- 
tients undergoing coronary artery bypass surgery; all pa- 
tients included in the study (n = 11) demonstrated signif- 
icant (P = 0.0001) decreases in systemic vascular resistance 
when isoflurane was given in concentrations adequate to 
produce a 20% decrease in mean arterial blood pressure. 
Polynomial regression of the phenylephrine dose-response 
curve was used to estimate the phenylephrine dose required 
to increase mean arterial blood pressure 15 mm Hg, 


The volatile anesthetic agent isoflurane is a potent 
systemic vasodilator (1-5), yet the mechanisms for 
this effect remain to be elucidated. Isoflurane main- 
tains or decreases vascular resistance in renal (5-7), 
cardiac (6,8), cerebral (8,9), skin (10), muscle (11), and 
possibly mesenteric (6,7) vasculature. Whereas spon- 
taneous arteriolar (vessels less than 25 um in diame- 
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designated PD15 mm ty. Each patient served as his or her 
own control. Preanesthetic baseline PD15 mm tig values 
(115 + 23 ug [1.4 + 0.3 ug/ke], mean + SEM) were not . 
significantly different from isofiurane PD 415 mm tg values 
(124 + 20 pg [1.5 + 0.3 pgrkg])., End-tidal isoflurane 
concentration ranged from 0.6%-1.5%; isoflurane 
PD 45 mm He WAS not correlated with end-tidal isoflurane 
concentration. Patient characteristics and hemodynamics 
did not affect PDy5 nm Hg These results suggest that 
isoflurane-induced systemic vasodilation ts not mediated via 
inhibition of a,-adrenergic responsiveness, disproving our 
hypothesis. This finding has clinical importance because it 
demonstrates that æ -adrenergic stimulation with phenyle- 
phrine is effective in correcting hypotension in patients 
receiving isoflurane anesthesia. 


.Key Words: ANESTHETICS, voLartLe—isoflurane. 


RECEPTORS, a,;-ADRENERGIC. SYMPATHETIC 
NERVOUS SYSTEM, VASOCONSTRICTORS— 
phenylephrine. ARTERIES, vASODILATION— 
isoflurane. 


ter) vasomotion is abolished by halothane, it is not 
affected by isoflurane (12). This suggests that isoflu- 
rane possibly decreases systemic vascular resistance 
(SVR) in larger arteries. 

The adrenergic nervous system is intimately in- 
volved in the control of vascular tone and may be 
responsible for isoflurane-mediated decreases in 
SVR. In particular, a,-adrenergic receptors have been 
shown to play an important role in vascular tone and 
the regulation of blood pressure (13,14). Although 
isoflurane has been shown to have no f-adrenergic 
blocking activity in the deg (15) and no direct action 
on a- or B-adrenoceptors in the isolated rat parotid 
gland (16), a-adrenergic effects of isoflurane have 
been shown in other models. Isoflurane stimulates 
a-adrenergic mediated increases in vascular resis- 
tance in isolated rat and dog mesenteric artery 
preparations (17,18). Isoflurane also has been dem- 
onstrated to attenuate phenylephrine-evoked con- 
traction in isolated dog epicardial coronary arteries, a 
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response found to be mostly vascular endothelium- 
dependent (19). 

Because isoflurane vasodilation is clinically signif- 
icant, we sought to explore whether decreases in SVR 
by isoflurane involve the a-adrenergic nervous sys- 
tem in humans. Specifically, we tested the hypothesis 
that isoflurane systemic vasodilation is mediated via 
inhibition of vascular a-adrenergic responsiveness. 


Materials and Methods 
Study Population 


After institutional approval and informed patient 
consent, 11 patients undergoing coronary artery 
bypass graft surgery were enrolled in the study. 
Patients with unstable angina, receiving intraaortic 
balloon counterpulsation, requiring intravenous ni- 
troglycerin or inotropic agents, or receiving a-adren- 
ergic blocking medications were excluded from the 
study. All patients had good ventricular function as 
evidenced by a preoperative ejection fraction =40%. 


Protocol 


Patients received intramuscular morphine (0.1 mg/ 
kg), intramuscular scopolamine (0.2-0.4 mg), and 
oral diazepam (0.15 mg/kg) within 2 h of induction of 
anesthesia. All patients breathed oxygen at 3 L/min 
via nasal cannulae starting at the time of anesthetic 
premedication, which was continued until induction 
of anesthesia. With the patient on the operating room 
table in a preinduction room immediately adjacent to 
each operating room, intravenous (IV) radial arterial 
and pulmonary arterial catheters were inserted, and a 
five-lead electrocardiogram (ECG) was applied. Ap- 
proximately 1.0 mL of 1% lidocaine HCl was used 
subcutaneously during catheter insertions in all pa- 
tients. Continuous ECG monitoring with ST segment 
analysis of leads I, II, and V was accomplished using 
a Marquette monitor. Cardiac outputs were mea- 
sured using the thermodilution method. (-) Phenyl- 
ephrine HCl (Winthrop Laboratories, New York, 
N.Y.) was diluted to 10 ug/mL in normal saline. 
With patients in the supine position, resting qui- 
etly with dimmed lighting, baseline heart rate, mean 
arterial blood pressure (MAP), central venous pres- 
sure, pulmonary artery diastolic pressure, pulmonary 
artery occlusion pressure, cardiac output (CO), and 
plasma catecholamine levels were measured. A phen- 
ylephrine dose-response curve was then generated 
(denoted “baseline phenylephrine pressor dose- 
response curve” [baseline PDRC]) using a phenyleph- 


SCHWINN ET AL. 


rine bolus technique previously described (20). In 
brief, 20 ug of phenylephrine was injected intrave- 
nously via the side-port of an internal jugular vein 
introducer cannula (Arrow), and the peak MAP oc- 
curring in the ensuing 2 min was recorded. Five 
minutes later, after MAP had returned to baseline 
value, a second bolus dose of phenylephrine (40 ug) 
was given. Again the peak MAP achieved in the 
ensuing 2 min was recorded. Five minutes later, once 
hemodynamic parameters had returned to baseline, a 
third phenylephrine dose (80 ug) was given. This was 
continued through the phenylephrine dose range: 20, 
40, 80, 120, 160, 200, 240, 280, 320, or 360 ug, or until 
peak MAP response to phenylephrine increased 20% 
above baseline. At this point the phenylephrine dose- 
response curve was considered complete. 

Patients were then moved from the preinduction 
room into the operating room, and preoxygenation 
was begun with mask oxygen at 6 L/min. New 
preisoflurane baseline hemodynamics (heart rate, 
MAP, central venous pressure, pulmonary artery 
diastolic pressure, and CO) were measured at this 
time, denoted ‘‘preisoflurane baseline.” Anesthesia 
was then induced with oxygen, nitrous oxide, and 
gradually increasing concentrations of isoflurane via 
mask with spontaneous ventilation. After loss of 
response to verbal command, nitrous oxide was dis- 
continued, oxygen and isoflurane were continued, 
vecuronium was administered intravenously, and the 
patient’s trachea was intubated. End-tidal isoflurane 
concentration was measured using an Engstrom 
EMMA (accuracy 0.1 vol %; Engstrom Medical AB, 
Bromma, Sweden). The concentration of isoflurane 
was adjusted to produce a 20% decrease in MAP. Ten 
minutes after intubation, and before surgical incision, 
postisoflurane hemodynamics were recorded, blood 
for measurement of plasma catecholamine levels was 
drawn, and a second phenylephrine dose-response 
curve (denoted “isoflurane phenylephrine pressor 
dose-response curve” [isoflurane PDRC]) was gener- 
ated as previously described. Subsequently, anesthe- 
sia was maintained with intravenous fentanyl and 
isoflurane as required. Postoperatively, patients were 
taken to the intensive care unit and tracheal extuba- 
tion occurred approximately 6-16 h later. Postopera- 
tive ECGs were examined for evidence of myocardial 
infarction. 


Patient Characteristics 


Specific definitions of medical conditions were used 
in this study. Hypertension was defined as blood 
pressure greater than 140/90 mm Hg documented on 
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at least three occasions or a history of increased blood 
pressure requiring medication. Diabetes mellitus was 
considered present if a patient required oral hypogly- 
cemic or insulin medication. Myocardial infarction 
was considered to have occurred if there was ECG 
evidence of an old myocardial infarction or previ- 
ously documented episodes of increased CPK-MB 
isoenzymes without concurrent ECG changes. Con- 
gestive heart failure was defined as the presence of at 
least three of the following: chest x-ray evidence of 
either pulmonary edema or four-chamber myocardial 
enlargement; evidence on physical examination of 
audible rales, pedal edema, congestive hepatomeg- 
aly, S, gallop, jugular venous distention, or hepato- 
jugular reflux; increased central venous pressure; 
increased left ventricular end-diastolic pressure or 
pulmonary artery occlusion pressure unaccompanied 
by evidence of myocardial ischemia—left ventricular 
end-diastolic pressure > 18 mm Hg during cardiac 
catheterization, or pulmonary artery occlusion pres- 
sure > 18 mm Hg upon insertion of the pulmonary 
artery catheter on the day of surgery. 


Plasma Catecholamine Determinations 


Blood samples for plasma catecholamine determina- 
tions were collected in 5 mL of chilled polypropylene 
tubes containing anticoagulant (EGTA) and antioxi- 
dant (glutathione). After refrigerated centrifugation, 
the plasma was transferred to plastic storage tubes 
and stored at —70°C until the time of assay. Thawed 
plasma samples for measurement of catecholamine 
levels were mixed with 10 mL of phosphate buffer 
(0.1 M, pH 7) and separated on a Bio-Rex 70 ion- 
exchange column. The column was washed with 
water, and then 1 mL of sulfuric acid (0.7 M) was 
added. The catecholamines were eluted with ammo- 
nium. sulfate (1 M) into tubes containing ethylenedi- 
aminetetraacetic acid/sodium metabisulfite, alumina, 
and TRIS buffer (3 M, pH 8.5). After microfiltration, 
200 uL of perchloric acid (0.1 M) was added to the 
solution. The perchlorate-catecholamine solution was 
injected onto a high-performance liquid chromatog- 
raphy column (stationary phase—C,, column, mobile 
phase—monochloroacetic acid [0.15 M, pH 3] with 
sodium octyl sulfate) for determination of norepi- 
nephrine and epinephrine levels. Plasma catechol- 
amine assay sensitivity was 30 pg/mL, and the coef- 
ficient of variation was 9%. 


Data Analysis 


The amount of phenylephrine required to increase 
MAP by 15 mm Hg (denoted pressor dose 15 mm Hg, 


ANESTH ANALG 453 
1990;71:451-9 


PDis mm Hg) Was calculated using second-order poly- 
nomial regression of the phenylephrine log dose- 
response curve. Polynomial regression with or with- 
out logarithmic transformation has been shown to be 
superior to linear regression in analyzing pressor 
dose-response curves (21). Paired t-tests were used to 
compare baseline, preisoflurane, and postisoflurane 
hemodynamic variables and PDs mm ng in each pa- 
tient. Linear regression analysis was used to test for 
relationships between end-tidal isoflurane concentra- 
tion and isoflurane PD15 mm Hg, and between continu- 
ous patient characteristic variables and PD1s5 mm ng The 
nonparametric form of analysis of variance (Kruskal- 
Wallis test) was used to test for relationships between 
category patient-characteristic variables (gender, medi- 
cal condition, and medication) and PD45 mm ng: Statis- 
tical significance was declared with P < 0.05. 


Results 
Patient Outcome 


All patients were well sedated upon arrival in the 
preinduction room, but were easily aroused and fully 
responsive to command. No patient complained of 
chest pain, had ST segment depression or elevation, 
or had an increase in baseline premature ventricular 
contractions during the phenylephrine dose-response 
studies. There was no ECG evidence of perioperative 
myocardial infarction, and no operative mortality. 
There were no perioperative or postoperative compli- 
cations attributable to the administration of phenyleph- 
rine. Eleven patients completed the study. 


Patient Characteristics and Hemodynamics 


Table 1 summarizes patient characteristics including 
general characteristics, medical history, preoperative 
medication, laboratory values, and surgical] character- 
istics. Pertinent hemodynamic measurements and 
catecholamine levels for various phases of the study 
are listed in detail in Table 2. Important hemody- 
namic changes occurred during this study (Table 2). 
During generation of the baseline PDRC, MAP was 
83.9 + 3.1 mm Hg (mean + sem). Each patient, 
supine on the operating table in the preinduction 
room, rested quietly during this aspect of the study. 
To generate the isoflurane PDRC, patients were 
moved into the operating room and preoxygenated 
via mask. Significant (P = 0.0003) increases in MAP 
(94.5 + 3.5 mm Hg, mean + sem) above baseline 
levels but without significant heart rate changes oc- 
curred during preoxygenation (preisoflurane) in spite 
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Table 1. Preoperative Patient Characteristics (n = 11) 


Sex—male 10 
59.3 + 7.9 
80.7 + 14.8 


Ejection fraction (%) 54.9 + 8.3 
Hypertension 6 
Diabetes 2 
‘Myocardial infarction 7 
Congestive heart failure 0 
Preoperative medication 
Calcium channel blockers 9 
B-Adrenergic blockers 9 
Diuretics 0 
Nitrates 6 
Digoxin 1 
Laboratory values 
Hematocrit (%) 
Potassium (mEq/L) 
Surgery 
No. vessels bypassed 


Values are given as number of patients or as mean + sD. 


of clinical evidence of adequate sedation. Induction 
with isoflurane via spontaneous mask ventilation was 
accomplished in 11 patients and resulted in an ap- 
proximately 20% decrease in MAP (73.4 + 2.6 mm 
Hg, mean + sem, P = 0.0003) by study design, below 
preisoflurane values. Cardiac output did not change 
significantly at any point in this study, confirming 
that decreases in MAP with isoflurane administration 
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were the result of decreased SVR in these patients. 
Pulmonary artery diastolic pressure increased signif- 
icantly (Table 2) between baseline and preisoflurane 
measurements, but no further changes in pulmonary 
artery diastolic pressure occurred with isoflurane 
anesthesia in either group. 


Phenylephrine Pressor Dose 15 mm Hg Values 


Results of individual and composite phenylephrine 
pressor dose-response curves during baseline and 
during isoflurane anesthesia for all 11 patients are 
shown in Figure 1. Pressor dose 15 mm Hg was 
calculated using second-order polynomial regression 
analysis of the log phenylephrine pressor dose- 
response curves. Baseline PD1s5 mmHg Was 115 + 23 
pe (1.4 + 0.3 ug/kg, mean + sEM), and isoflurane 
PD15 mm Hg Was 124 + 20 pg (1.5 + 0.3 g/kg) (Table 
2), indicating that there was no significant effect on 
PDs mm Hg by isoflurane. This is further emphasized 
by virtually overlapping composite regression curves 
for PDRCs generated during baseline and isoflurane 
time periods. Hence, the same amount of phenyl- 
ephrine was required to increase MAP 15 mm Hg at 
baseline and during isoflurane in these patients. 


Catecholamines 


Norepinephrine and epinephrine plasma levels were 
measured just before generation of the baseline 


Table 2. Hemodynamic Variables and Plasma Catecholamine Levels (n = 11) 





P value 
Baseline (B) Preisoflurane (P) Isoflurane (I) B:P B:I P:I 

MAP (mm Hg) 83.9 + 3.1 94.5 + 3.5 73.4 + 2.6 0.025 0.047 0.0003 
SVR (dyne-s-cm™>) 1405 + 83 1637 + 122 1297 + 120 NS NS 0.0001 
Pulse (beats/min) 56.6 + 3.8 58.7 + 4.3 60.4 + 4.8 NS NS NS 
PADP (mm Hg) 9.4 + 1.0 14.4 + 1.4 14.9 + 0.7 0.0004 0.001 NS 
PAOP (mm Hg) 11.9 + 1.0 á 15.0 + 1.0 NS 
CVP (mm Hg) 8.3 + 1.0 9.0+1.1 10.5 + 0.8 NS NS NS 
CO (L/min) 4.3 £ 0.3 4.3 + 0.2 4.0 + 0.3 NS NS NS 
P Ds mm Hg 

Hg 115 + 23 124 + 20 NS 

pelke 1.39 + 0.25 1.54 + 0.27 NS 
NE (pg/mL plasma) 414 + 71 471 + 106 NS 
E (pg/mL plasma) 115 + 26 77 + 20 NS 
End-tidal isoflurane 1.8 + 0.2 


concentration (%) 


Values for baseline, preisoflurane,, and isoflurane are given as mean + sEM, and evaluated with paired t-test. 
By study design, MAP decreased 20% in all patients during isoflurane anesthesia compared to preisoflurane MAP. Baseline (B) measurements were taken 


with patients resting quietly on the operating room table in a quiet 


duction area with dimmed lighting. Preisoflurane (P) measurements were taken in 


the operating room during preoxygenation via mask, immediately before isoflurane induction. Isoflurane (I) measurements were taken 10 min postintubation, 
once MAP decreased 20% compared with preisoflurane values. 


MAP, mean arterial blood pressure; 5 


systemic vascular resistance; PADP, pulmonary artery diastolic pressure; PAOP, 


occlusion 


pulmonary artery 
; CVP, central venous pressure; CO, cardiac output; NE, norepinephrine; E, epinephrine; PDi5 mm ng pressor dose 15 mm Hg; NS, not significant 


pressure 
at the 95% confidence level. 


“Pulmonary artery occlusion preasure was not measured in every patient at this time point. 
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PDRC and isoflurane PDRC. No significant differ- 
ences in either norepinephrine or epinephrine levels 
were seen between these time periods (Table 2). 


Effect of End-Tidal Isoflurane Concentration, 
Patient Characteristics, and Hemodynamics on 
Phenylephrine Pressor Dose 15 mm Hg 


End-tidal isoflurane concentrations ranged from 0.8% 
to 2.3%. Mean arterial blood pressure decreased 
significantly during isoflurane anesthesia by study 
design; however, neither SVR nor isoflurane 
PD 15 mm Hg Was correlated with end-tidal isoflurane 
concentration in either group. There were no effects 
of patient characteristics or hemodynamic variables 
on either preisoflurane PDjs5 mm Hg Or isoflurane 
PD,5 mm Hg’ 
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Figure 1. Individual and composite phenylephrine PDRC before 
and during isoflurane anesthesia for all 11 patients enrolled in the 
study. Log phenylephrine dose (ug) is plotted on the x-axis and A 
MAP on the y-axis. For clarity of presentation in individual PDRCs 
(A and C), only the second-order r polynomial regression lines are 
shown. Symbols (@, X, O, #, %, A, V, =, 4, Y, &) denote 
individual patient dose-response curves; the placement of symbols 
corresponds to the end of that patient’s PDRC (associated with a 
20% increase in MAP as defined in the text). Data points in 
composite curves (B and D) represent mean values + seEM for all 
patients for each phenylephrine dose. No effect of isoflurane on 
individual PDRCs (paired t-tests, Table 2) or composite PDRC 
regression lines (B and D) was noted. Phenylephrine pressor dose 
15 mm Hg (PDj5 mm tig) Was calculated individually for each 
patient and resulting values are presented in Table 2 as mean + 
SEM. 


Discussion 


These results suggest that isoflurane systemic vasodila- 
tion is not mediated via inhibition of a,-adrenergic 
responsiveness, hence disproving our hypothesis. Pre- 
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vious work (16) has shown that isoflurane has no direct 
action on a- or B-adrenoceptors in isolated rat parotid 
gland; our results suggest this may be true in human 
systemic vasculature. This stands in contrast to isoflu- 
rane attenuation of the mostly endothelium-dependent 
phenylephrine-evoked contraction in isolated dog epi- 
cardial coronary arteries (19). 


Phenylephrine Pressor Dose Response 


Bolus phenylephrine administration was used to as- 
sess a,-adrenergic responsiveness in this study. Phen- 
ylephrine, an a-adrenergic agonist (22,23), has been 
administered as a continuous infusion to assess ad- 
renergic responsiveness in both clinical and labora- 
tory settings. Because continuous infusion of pres- 
sors to patients with myocardial disease may increase 
afterload and potentially increase myocardial wall 
stress and myocardial oxygen consumption, a shorter 
duration of peak mean blood pressure effect of phen- 
ylephrine as achieved with bolus injections is desir- 
able in these patients. Continued infusion of phen- 
ylephrine may also lead to tolerance (24) or 
desensitization of a@,-adrenergic receptors, a process 
that can be minimized using a bolus technique. For 
these reasons, a previously validated (20,25) bolus 
technique of phenylephrine administration was used 
to assess a,-adrenergic responsiveness in this study. 
Figure 1 illustrates individual and composite phenyl- 
ephrine bolus PDRCs during baseline and isoflurane 
administration in 11 patients. Because our end point 
of a 20% increase in MAP was artificially imposed as 
maximum MAP by study design (for patient safety 
reasons), it does not represent a true 100% effect. A 
complete dose-response curve for phenylephrine and 
other a,-adrenergic agents has been done in rats. 
These experiments reveal that baseline diastolic blood 
pressure (DBP) in intact pithed rats is 40 mm Hg, and 
that maximum increases with a,-adrenergic agonists 
range between A + 100-140 mm Hg for a maximum 
DBP of 180 mm Hg (26-30). In dogs, continuous 
infusions of angiotensin II result in elevations of MAP 
from a baseline of 90 on day 1 to 160 on day 4; further 
elevations were limited by pulmonary edema (31). In 
humans, finding the maximum blood pressure re- 
sponse to a,-adrenergic agonists is limited by ethical 
considerations. However, reports of patients with 
uncontrolled malignant hypertension (DBP > 130 
mm Hg) (32) suggest that, in rare cases, maximum 
systolic blood pressure may be approximately 250- 
300 mm Hg. The PD;5 mm Hg Value calculated in this 
study is the highest possible AMAP that could be 
calculated in every patient (for example a 20% increase 
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in MAP in patients with a starting MAP of 75 is 15 
mm Hg). It also represents the closest value to EDs 
obtainable in this study. 


Blood Pressure—CO and Systemic Vascular 
Resistance Components 


It is important to note that a-adrenergic responsive- 
ness is a clinical marker of end organ responses. 
Mean arterial blood pressure has two major compo- 
nents—CO and SVR. Two important aspects of this 
study relate to this concept. First, MAP was used as 
an end point for generation of phenylephrine PDRCs 
instead of SVR. Systemic vascular resistance and 
MAP peak simultaneously after bolus phenylephrine 
administration in cardiac surgery patients when near 
continuous CO measurement with esophageal Dopp- 
ler is employed (25). Although minor increases in CO 
may occur with direct stimulation of inotropy via 
myocardial a,-adrenergic receptors (33-37), this is not 
thought to be clinically significant especially in the 
phenylephrine dose range used in this study. Be- 
cause it is impossible to predict when peak MAP will 
occur after phenylephrine bolus administration, an 
accurately timed thermodilution CO is difficult, and 
therefore the resulting SVR calculation may not rep- 
resent the actual peak SVR. Hence, in the setting of 
bolus phenylephrine administration, MAP provides a 
more accurate hemodynamic marker for vascular 
responsiveness than SVR. 

A second important aspect of this study related to 
the two major determinants of MAP (CO and SVR) 
pertains to patient selection. All 11 patients in our 
study were anesthetized with isoflurane and re- 
sponded with a 20% decrease in MAP, and isoflu- 
rane-induced decreases in SVR. Only in patients with 
isoflurane-induced decreases in SVR could our hy- 
pothesis be tested regarding involvement of the a- 
adrenergic nervous system in isoflurane-induced 
vasodilation. Hence, patients who might respond to 
isoflurane with decreases in CO instead of SVR 
would not have been good candidates in which to test 
our hypothesis. Hence, careful patient selection is 
important in studies pertaining to vascular respon- 
siveness in order to ensure that proper conclusions 
can be drawn. 

There is one drawback to using MAP in our study 
as a measure of a,-adrenergic responsiveness. Dia- 
stolic blood pressure may be a more sensitive marker 
of a,-mediated vasoconstriction than MAP. It is 
therefore possible that small, subtle changes in a,- 
adrenergic responsiveness might have been missed 
by using MAP as the vascular end point rather than 


w 
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DBP. This drawback is balanced by two major con- 
siderations in designing our study. First, because 
isoflurane is known to decrease SVR and MAP is 
used in the calculation of SVR, using MAP instead of 
DBP provided an accurate means to calculate SVR. 
Second, MAP is a more commonly used clinical 
marker of blood pressure in humans than DBP. 
Hence, we chose MAP as our marker of vascular 
responsiveness to a,-adrenergic agents. 


End-Tidal Isoflurane Concentration 


End-tidal isoflurane concentration was adjusted to 
produce a 20% decrease in MAP as described above. 
A hemodynamic end point was chosen in this study 
rather than an arbitrary mean alveolar concentration 
value because mean alveolar concentration reflects 
brain anesthetic concentration and our study focuses 
on the peripheral vascular effects of isoflurane. A 
vascular marker of isoflurane concentration may also 
eliminate possible confounding isoflurane pharmaco- 
kinetic differences between patients. In addition, 
because each patient served as his or her own control, 
any differences between patients in the absolute 
amount of isoflurane present would not influence 
the validity of the results. It is of interest that end- 
tidal isoflurane was not correlated with isoflurane 


PD; mm Hg’ 


Patient Characteristics, Hemodynamic Variables, 
and Pressor Dose 15 mm Hg 


Several interesting hemodynamic changes occurred 
during the study. Specifically, MAP increased signif- 
icantly between baseline and preisoflurane time 
points (Table 2). The operating room table upon 
which the patient rested supine was moved into the 
operating room, and oxygen was applied via face 
mask between baseline and preisoflurane time 
points. Although each patient appeared to be ade- 
quately sedated, MAP increased with these manipu- 
lations. Although not significant, a trend of increased 
SVR occurred at the preisoflurane time point com- 
pared with baseline; CO did not change. One expla- 
nation for these results would be a sudden increase in 
catecholamine levels during this time point. How- 
ever, norepinephrine and epinephrine plasma levels 
were measured only just before generation of PORCs 
and not during the preisoflurane time point. There- 
fore, the exact etiology of the hemodynamic changes 
at the preisoflurane time point cannot be elucidated. 
Preisoflurane MAP was used as a new baseline from 
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which to judge the hemodynamic effects of isoflu- 
rane; in other words a 20% decrease in MAP during 
the isoflurane time point (10 min after intubation, just 
before generation of the isoflurane PDRC) was mea- 
sured from preisoflurane values. This was an impor- 
tant control in our study in order to monitor the acute 
effects of isoflurane in each patient. 

There was no effect of patient characteristics 
or hemodynamic variables on either baseline 
PDis mm Hg OF isoflurane PDs mm Hg- These results 
are somewhat surprising. Hypertension (38,39) and 
aging (40,41) have been associated with increased 
circulating catecholamines and possible alterations in 
vascular responsiveness. In addition, it has been 
shown that isoflurane influences central and regional 
hemodynamics differently in hypertensive as com- 
pared with normotensive rats (42). Although neither 
hypertension nor age affected PDis mmHg in our 
study, a larger patient group is needed to study these 
effects more fully. 


Phenylephrine Pressor Dose 15 mm Hg 


An important physiologic issue remains in analyzing 
the results of this study. This is illustrated by the 
following question. Does an absolute 15 mm Hg 
increase in MAP represent the same degree of vessel 
contraction at two different starting MAPs? In this 
study, baseline MAP during isoflurane anesthesia 
was lower than baseline preisoflurane MAP in every 
patient by study design. Therefore, is PD45 mm Hg 
comparable between these two time periods indepen- 
dent of the presence of isoflurane? This question was 
first addressed in the 1950s by Wilder (43), who 
showed that the higher the prestimulus level of a 
variable such as MAP, the smaller the tendency to 
increase further on function-raising stimuli. This 
principle, the law of initial value, can also be viewed 
in terms of refractoriness. The greater the stimulus 
(i.e., the higher the baseline MAP), the more refrac- 
tory the tissue to further stimulus (i.e., the smaller 
the response to a vasoconstrictor). This concept may 
present a potential weakness in our study, one that is 
quite difficult to overcome in testing our hypothesis 
in patients. However, evaluation of the entire PDORC 
using AMAP (as shown in Figure 1) suggests this is 
not the case in this patient population. 


Possible Mechanisms of Iscflurane Vasodilation 


As isoflurane-induced vasodilation does not appear 
to be mediated via inhibition of a,-adrenergic respon- 
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siveness, how is this effect achieved? There are sev- 
eral possible mechanisms by which isoflurane might 
induce vasodilation. The first possible mechanism is 
by direct arteriolar relaxation. Decreases in SVR seen 
with isoflurane could be explained by this hypothe- 
sis. However, isoflurane may interact with or inhibit 
other systems responsible for vasoconstriction such 
as a>-adrenergic agonists, angiotensin II, endothelin, 
or renin. It could also interact with vasodilators such 
as atrial natriuretic factor or endothelial relaxing 
factor or calcium channels, although one study sug- 
gests that isoflurane vasodilation is mediated by 
mechanisms other than calcium-entry blockade (44). 
Elucidation of these mechanisms clearly requires fur- 
ther study. 

In conclusion, these results suggest that isoflurane 
systemic vasodilation is not mediated via inhibition of 
a-adrenergic responsiveness, hence disproving our 
hypothesis. This finding is clinically important be- 
cause it demonstrates that a,-adrenergic stimulation 
with phenylephrine will be effective in correcting 
hypotension in patients receiving isoflurane anesthe- 
sia and that the expected response will be similar to 
that in the unanesthetized state. 
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Human Auditory Steady-State Response During 


General Anesthesia 


G. Plourde, Mp, and T. W. Picton, MD, PhD 


PLOURDE G, PICTON TW. Human auditory steady-state 
response during general anesthesia. Anesth Analg 1990; 
71:460-8. 


The 40-Hz auditory steady-state evoked response (ASSR) is 
a sinusoidal electrical response of the brain to periodically 
presented auditory stimuli. It was recorded during anesthe- 
sia tn 10 elective surgical patients to evaluate its usefulness 
as a measure of the level of consciousness. The anesthetic 
agents used were thiopental, fentanyl, and isoflurane with 
or without nitrous oxide. Recordings were carried out 
during the period before induction and during induction, 
surgical anesthesia, emergence, and recovery from anesthe- 
sia. The level of consciousness was measured with an 
auditory stimulus detection task. The electroencephalogram 
(EEG) was also recorded for comparison with the ASSR. 
The following indices were analyzed: total EEG power, 
relative power in the B, a, 0, and ô frequency bands, and 
the median and spectral edge frequency. The amplitude of 


The assessment of the level of consciousness is an 
important aspect in determining the level of anesthe- 
sia (1). The ability to respond to verbal commands is 
commonly used to assess the level of consciousness. 
Muscle relaxants unfortunately interfere with this 
assessment (2). There is, therefore, a great need for a 
physiological measurement that is affected by the 
level of consciousness but not by muscle relaxants. 
Monitoring with the scalp-recorded electroenceph- 
alogram (EEG) offers a possible solution. However, 
anesthetic agents produce EEG patterns that are 
specific to the agent (and its dose) rather than to the 
level of anesthesia (3-6). Furthermore, the EEG rarely 


Supported by a grant from the Medical Research Council 
(T.W.P.) and by a fellowship from the Fonds de la Recherche en 
Santé du Québec (G.P.). 

Presented in part at a meeting of the Canadian Anaesthetists’ 
Society in Ottawa, Canada, June 1989. 

Received from the Human Neurosciences Research Unit, Uni- 
versity of Ottawa, Ottawa, Ontario, Canada. Accepted for publi- 
cation July 11, 1990. 

Address correspondence to Dr. Plourde, Department of Ana- 
esthesia, Royal Victoria Hospital, 687 Pine Avenue West, Montreal 
(Quebec), Canada H3A 1A1. 


©1990 by the International Anesthesia Research Society 


the ASSR was reduced significantly at the end of the 
induction period and decreased below noise levels during 
surgical anesthesia. It increased significantly during emer- 
gence and recovery. The amplitude during recovery re- 
mained significantly smaller than the preinduction values. 
The changes of the ASSR paralleled those of the level of 
consciousness. The EEG measurements were distorted by 
the presence of muscle artifacts that were prominent during 
emergence and recovery. The amplitude of the ASSR ap- 
pears to provide a more reliable tndicator of the level of 
consciousness than the EEG. 


Key Words: ANESTHETICS, cases—nitrous oxide. 
ANESTHETICS, voLatTrLE—isoflurane. 
ANESTHETICS, nnrraveNnous—thiopental. BRAIN, 
EVOKED RESPONSES. MONITORING, 
ELECTROENCEPHALOGRAPHY—auditory evoked 
potentials. 


provides direct information on the level of conscious- 
ness (7). 

The auditory steady-state response (ASSR) (8-10) 
is a sinusoidal electrical response of the brain to 
periodically presented auditory stimuli. It appears 
when the rate of stimulus delivery is sufficiently rapid 
to produce overlapping of the responses to individual 
stimuli. This response is most prominent for stimulus 
rates near 40 Hz (8). 

Several features of the ASSR make it a possible 
candidate for use in monitoring the level of con- 
sciousness during anesthesia. The ASSR is a steady- 
state equivalent of the transient middle latency re- 
sponse (8) that shows graded, dose-related amplitude 
reduction with general anesthetics (11). The ampli- 
tude of the ASSR is reduced by 50% during sleep 
(12,13). Studies of normal subjects (14) have shown 
spontaneous amplitude fluctuations that apparently 
relate to concomitant fluctuations in alertness. Pre- 
liminary results have indicated that the amplitude of 
the ASSR is substantially reduced during general 
anesthesia (15). 
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Any effective monitor of consciousness during 
general anesthesia must meet several criteria. First, 
the measurement must be readily and consistently 
obtained in nonanesthetized subjects. Second, it 
should not be significantly affected by anything other 
than changes in a subject’s level of consciousness. 
Third, it must be clearly and consistently affected by 
anesthesia. Fourth, the anesthetic effects should be 
similar for different anesthetic agents. Fifth, the mea- 
surement must consistently return to normal values 
when the anesthetic is stopped and the patient re- 
gains consciousness. 

We evaluated the ASSR in light of these criteria. 
Recordings were obtained in 10 normal subjects and 
in 10 patients undergoing general anesthesia. Our 
aim for this initial investigation was to relate the 
ASSR and the level of consciousness, which was 
measured with an auditory signal detection task. The 
EEG, which is an accepted method for monitoring the 
level of anesthesia, was also recorded for comparison 
with the ASSR. 


Methods 
Subjects 


The project was approved by the Institutional Re- 
search Ethics Committee. Written informed consent 
was obtained from all participants. Ten unanesthe- 
tized subjects (seven men) participated in the initial 
control portion of the study. The mean age was 31 yr 
(range, 23-43). They were tested in a sound- 
attenuated, electrically shielded room. Ten patients 
(six women) (ASA I or I) were then tested during 
elective surgery. The mean age was 34 yr (range, 
21-61). Surgical procedures consisted of plastic sur- 
gery (six patients), orthopedic surgery (two patients), 
urologic surgery (one patient), and general surgery 
(one patient). | 

There was no history of neurologic or otologic 
disease in the participants. 


Anesthetic Technique 


Eight patients were premedicated with diazepam (0.1 
mg/kg) by mouth 60-90 min preoperatively. Two 
patients received no premedication. Anesthesia was 
induced with thiopental (5 mg/kg), injected in 1 min. 
After failure to open eyes on command, vecuronium 
(0.1 mg/kg) was used to facilitate tracheal intubation. 
The lungs were mechanically ventilated to maintain 
the end-tidal carbon dioxide (CO,) partial pressure at 
30 mm Hg (mass spectrometry). Fentanyl (3 ug/kg 
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before skin incision) and isoflurane (0.5%-1.5% end- 
tidal) in oxygen (O,) (five patients) or in nitrous oxide 
(N,O) (60% end-tidal)/O, (five patients) were used for 
maintenance of anesthesia. The nasopharyngeal tem- 
perature was continuously monitored. Neostigmine 
(with glycopyrrolate) was used to cause a full reversal 
of muscular paralysis 10 min before emergence. 


Auditory Steady-State Responses 


Stimuli. Tonebursts (500 Hz, 15-ms duration, 5-ms 
rise/fall time, 90-dB peak sound pressure level) were 
presented binaurally at a rate of 40 per second via 
TDH-49 earphones in the controls and via insert 
earphones (Etymotic Research, model ER3A) in the 
surgical patients. The frequency was occasionally (10 
per minute on average with random timing) in- 
creased to 700 Hz for 75 ms to produce “target” 
stimuli, to which the patients were required to re- 
spond by pressing a button if they perceived them. 
The percentage of detected targets (i.e., those re- 
sponded to by a button press) was used as an index of 
the level of responsiveness. 


Recording. The EEG was recorded with gold-plated 
cup electrodes attached with saline gel and collodion. 
The interelectrode impedances were less than 5 kQ 
(10 Hz). Three electrodes were placed according to 
the International 10-20 system (16) at frontal (Fz), 
central (Cz), and parietal (Pz) midsagittal scalp loca- 
tions with the right mastoid (M2) as common refer- 
ence. Vertical eye movements (EOG) (forehead- 
cheek) were also recorded to allow rejection of epochs 
contaminated by eye movements. Half-amplitude 
lower and upper cutoffs were 0.16 and 100 Hz witha 
—20 dB per decade roll-off. The amplifiers followed 
the EEG convention that negativity at the scalp rela- 
tive to the reference was plotted upward. 

The duration of the analog-to-digital epoch was 
1490 ms. The sampling frequency was 688 Hz per 
channel. The interval between onset of epochs was 
2000 ms. The analog-to-digital resolution was 12 bits. 
Epochs contaminated by excessive muscle or eye 
movements were rejected. The rejection level on all 
channels for the control subjects was +87.5 aV and 
for the anesthetized patients +175 aV. (Less strin- 
gent rejection criteria were used with the anesthe- 
tized patients because of the high amplitude of the 
EEG during anesthesia.) For each recording, 50 ep- 
ochs (100 s) were averaged. 


Measurements. The responses were analyzed using 
the fast Fourier transform (17, 18) of the unfiltered 
averaged traces. 
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Auditory Brainstem Response 


Conductive hearing loss attenuates the ASSR. Audi- 
tory brainstem responses were therefore recorded 
before anesthesia and during surgery in three pa- 
tients to rule out significant conductive hearing loss 
as a possible cause of the attenuation of the ASSR 
during anesthesia. 


Stimuli. Rarefaction clicks with an intensity of 95- 
dB peak sound pressure level (equivalent to 60 dB 
above normal threshold) and a duration of 0.1 ms 
were presented monaurally at a rate of 11.1 per 
second. 


Recording. The recordings were from Cz-left mas- 
toid (M1) and Cz-right mastoid (M2). The recording 
technique conformed to current recommendations 
(19). Both ears were evaluated with at least three 
averages of 2000 epochs. Replicate waveforms were 
combined and digitally filtered (50-2500 Hz) before 
measurements. 


Measurements. Waves I, Il, and V were identified 
on the Cz-ipsilateral mastoid channel according to 
current clinical procedures (19). The amplitudes were 
measured relative to the most negative succeeding 
peak or inflection within the next 1.5 ms. 


Electroencephalogram 


Recording. The EEG was recorded for 8 s after 
every other ASSR recording. Recording parameters 
were otherwise similar to those used for the ASSR. 
Because of time constraints, the EEG for induction 
was recorded only during late induction. 


Measurements. The following measures were de- 
rived from the power spectrum: median (20) and 
spectral edge (21) (95% quantile frequency) as well as 
the average power in the 6 (0.5-3.4 Hz), 0 (3.5-7.4 
Hz), a (7.5-13.4 Hz), and £ (13.5-30.0 Hz) frequency 
bands expressed as percentage of total power from 
0.5 to 30.0 Hz. Determination of the median and 95% 
quantile frequencies was done after filtering the EEG 
from 0.5 to 32 Hz in accordance with current anes- 
thetic practice. The ratio (a + B)/(6 + 0) was also 
computed. 


Design 


Awake control subjects were initially tested to ensure 
that consistent responses could be obtained with the 
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experimental protocol. There were two recordings for 
each control subject. The recordings for each subject 
were combined before measurement. With anesthe- 
tized patients recordings were obtained during the 
following periods: preinduction (30-90 min before 
induction), induction, surgery, emergence, and re- 
covery. Both control subjects and patients kept their 
eyes closed and were instructed to press a button 
after each target whenever possible. The injection of 
thiopental began 30 s after the beginning of the early 
induction recording and lasted 1 min. The late induc- 
tion recording immediately followed the early induc- 
tion recording. The recordings during surgery were 
done at stable (over 10 min) concentrations of isoflu- 
rane: 0.5% end tidal when administered with 60% 
N-O and 1.15% end tidal when administered in O, 
alone. To obtain preliminary dose-response informa- 
tion, recordings were obtained before emergence 
with three patients at 0.5% end-tidal (stable over 10 
min) isoflurane in O,. After surgery, the trachea was 
extubated as soon as the patients were able to open 
their eyes on command. Emergence was defined as 
the 10-min period immediately after the return of the 
ability to open the eyes on command and was fol- 
lowed by recovery. Within each period other than 
induction multiple recordings were combined before 
evaluation. The effect of surgical stimulation was not 
evaluated because of cautery interference after skin 
incision. Recordings could not be obtained from all 
patients in all periods because of factors such as 
movement and shivering that caused epochs to be 
rejected. 


Statistical Analysis 


The Rayleigh test for phase coherence and Hotelling’s 
T? statistic (22) were used to determine if the re- 
sponse could be reliably distinguished from back- 
ground noise. This was done separately for the 
control awake subjects and for the anesthetized pa- 
tients. 

The results were analyzed with one-way (awake 
controls) and two-way analyses of variance for re- 
peated measures using the Geisser-Greenhouse ad- 
justment of the significance levels (23,24). The anal- 
yses of variance for the anesthetized patients were 
also corrected for the substitution of missing values 
(23). The grouping factor for the two-way analyses of 
variance was presence or absence of NO. Paired 
t-tests were used for comparisons in the patients. The 
criterion for significance was P < 0.05 for the analyses 
of variance and P < 0.01 for the paired comparisons 
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Table 1. Target Stimuli Detection 


Percentage of 


Period n detected targets Range 
Preinduction 10 9 +1 97-100 
Induction (early) 7 Pe Ee 33-100 
Induction (late) i LET 0-4 
Surgery* — — — 
Emergence 8 11 + 10 0-34 
Recovery 9 64 + 11 42-89 
ANOVA P < 0.001 


ANOVA, analysis of variance. 

Percentage of detected targets is given as mean + sD. 

“During surgery, responsiveness to the target was not assessed because 
of muscle paralysis and inability to hold the button-press switch. 


to reduce the likelihood of spurious significance due 
to multiple comparisons. 


Results 
Awake Control Subjects 


The mean amplitude of the ASSR was 0.48 uV (sp, 
0.10). Phase coherence and Hotelling’s T? statistic 
showed that the responses were clearly distinguish- 
able from background noise (P < 0.01). 


Anesthetized Patients 


Anesthetic management. The average interval be- 
tween induction and extubation was 126 min (sD, 56). 
The recordings in the recovery room were started on 
average 38 min (sD, 23; range, 10-65) after extubation 
and were completed 68 min (sp, 31; range, 27-114) 
after extubation. 

The mean nasopharyngeal temperature during 
surgery was 36.2°C (sp, 0.51; range, 35.4-37.0). The 
mean end-tidal partial pressure of CO, during sur- 
gery was 29.3 mm Hg (sp, 2.0; range, 27.1-32.3). For 
patients receiving isoflurane and N,O, the mean 
end-tidal concentrations were respectively 0.57% (sp, 
0.12) and 61% (sp, 8). For patients receiving isoflu- 
rane only, the mean end-tidal level was 1.04% (sp, 
0.08). The level of anesthesia was judged clinically 
adequate during the surgical recordings. There was 
no tachycardia, hypertension, or sudation. 


Detection of target stimuli. The percentage of target 
stimuli responded to by the patients is shown in 
Table 1. There were significant differences between 
the recording periods (analysis of variance, P < 
0.001). The following differences were significant 
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Figure 1. Average unfiltered waveforms (left) recorded from Cz 
for anesthetized patients and corresponding amplitude spectra 
(right) for each period. The amplitude spectra were obtained by fast 
Fourier transform. The number of epochs included in the average 
waveforms is given in parentheses below each period. The ampli- 
tude peaks at 40 Hz are indicated by the arrows. The open triangle 
shows power line artifact (60 Hz). For simplicity, only the initial 
portions of the average waveforms and of the spectra are shown. 


(P < 0.01). The preinduction value exceeded late 
induction, emergence, and recovery values. The early 
induction value exceeded late induction and emer- 
gence values. The recovery value exceeded late in- 
duction and emergence values, but was inferior to the 
preinduction value. 


Steady-state responses. The average ASSR wave- 
forms for all patients and the amplitude spectra are 
shown in Figure 1. The amplitude spectra revealed a 
clearly recognizable peak at 40 Hz relative to adjacent 
frequencies during preinduction, early induction, 
and recovery. During late induction and emergence, 
the 40-Hz activity was reduced and not clearly distin- 
guishable from background noise, which is particu- 
larly high during these periods. Although there was 


Table 2. Auditory Steady-State Responses 


Amplitude 
Period n (aV) 

Preinduction 10 0.41 + 0.13 
Induction (early) 7 0.40 + 0.12 
Induction. (late) 7 0.17 + 0.11 
Surgery 10 0.03 + 0.01 
Emergence 8 0.13 + 0.09 
Recovery 9 0.24 + 0.07 
ANOVA (main effect) P < 0.001 


ANOVA, analysis of variance. 
Amplitude values are given as mean + sD. 


some 40-Hz activity during surgery, it was not clearly 
distinguishable from the adjacent frequencies. The 
high-frequency peak during surgery (open triangle) 
was faster than 40 Hz and largely due to power line 
artifact (60 Hz). 

The measurements from individual patients are 
summarized in Table 2. Results of the analyses of 
variance yielded significant main effects of the period 
on amplitude (P < 0.001). There were no significant 
effects due to NO and no interactions. 

The amplitude of the ASSR was reduced by more 
than 50% during late induction (P < 0.01) compared 
with preinduction. There was a profound amplitude 
reduction during surgery compared with preinduc- 
tion (P < 0.01). The amplitude during late induction 
and emergence was larger than during surgery (0.01 
< P < 0.05). There was a significant amplitude 
increase during recovery compared with emergence 
(P < 0.01), although the amplitude during recovery 
remained significantly smaller than during preinduc- 
tion (P < 0.01). The changes in the amplitude of the 
40-Hz peak paralleled those in the percentage of 
detected targets (Table 1). 

Phase coherence and Hotelling’s T? statistic indi- 
cated that the responses were significantly different 
from background noise (P < 0.01) during preinduc- 
tion, early induction, and recovery. Borderline values 
(0.05 < P < 0.10) were obtained for late induction and 
emergence. No consistent response was present dur- 
ing surgery (P = 0.2). 

In two patients in whom tracheal intubation was 
delayed for 3-4 min, the effects of thiopental alone 
were studied. The ASSR amplitude decreased to a 
level comparable to surgical recordings. The response 
was smaller than 0.06 uY and there was no recogniz- 
able 40-Hz peak in the spectrum. There was a fair 
amount of high-frequency activity in the recording. 

In three patients of the isoflurane-only group, the 
ASSR was recorded before emergence at stable (over 
10 min) end-tidal concentration of isoflurane of 0.5%. 
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Table 3. Auditory Brainstem Responses 





+ 


Preinduction Surgery 
Latency Amplitude > Latency Amplitude 
Wave (ms) (u (ms) (uV) 
I 1.85 0.15 1.92 0.20 
HI 3.97 0.15 4.20 0.22 
V 6.01 0.51 6.38 0.33 
Values are given as mean value for three patients. 
Right and left side collapsed. 
Table 4. Electroencephalogram (EEG}——Power and 
Quantile Frequencies 
95% 
Median Quantile 
EEG power frequency frequency 
Period n (V7) (Hz) (Hz) 
Preinduction 10 2.7 + 5.6 60 +35 202+ 6.1 
Induction 7 2312+147 4739 135+ 6.0 
Surgery 10 4841.2 3.9425 13.4245 
Emergence 8 1720.7 1132446 282+1.4 
Recovery 9 0.7 + 0.2 8.1 +38 278217 
ANOVA P < 0.001 P< 0.001 P < 0.001 
(main effect) 


ANOVA, analysis of variance. 
All values, with the exception of n are given as mean + sD. 


The amplitudes were 0.02, 0.03, and 0.03 uV. These 
are comparable to those obtained during surgery. 


Brainstem responses. The results are presented in 
Table 3. The latency of wave I was increased during 
surgery by 0.07 ms. Waves III and V were delayed by 
0.23 and 0.37 ms, respectively. The amplitudes of 
waves I and IH were slightly increased whereas the 
amplitude of wave V was decreased. The mean ASSR 
amplitude for these three patients was 0.44 uV pre- 
operatively and 0.05 during surgery. 


Electroencephalogram. The results are presented in 
Tables 4 and 5. The analysis of variance showed a 
significant (P < 0.001) period effect for EEG power, 
relative B power, and median and spectral edge 
frequency. The analysis of variance for the ratio (a + 8y 
(5 + 6) was also significant (P < 0.01). There were no 
effects due to N.O and no interactions. 

There was a significant increase in total EEG power 
after induction (P < 0.01 compared with preinduc- 
tion). Total power returned toward baseline during 
surgery. 

B Activity decreased significantly during surgery 
(P < 0.01 compared with preinduction). It increased 
significantly during emergence (P < 0.001 compared 
with surgery). It remained high during recovery (P < 


"a. 
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Table 5. Electroencephalogram (EEG)—Relative Power 


ô 6 
Period (0.5-3.4 Hz) (3.5-7.4 Hz) 
Preinduction 0.53 + 0.23 0.20 + 0.14 
Induction 0.66 + 0.17 0.19 + 0.10 
Surgery 0.64 + 0.15 0.18 + 0.05 
Emergence 0.42 + 0.13 0.19 + 0.07 
Recovery 0.54 + 0.21 0.15 + 0.07 

ANOVA (main effect) NS NS 


ANOVA, analysis of variance; NS, not significant. 
Values are given as mean + sD. 


0.01 compared with preinduction). The median fre- 
quency showed similar changes except that there was 
no difference between preinduction and recovery. 
The ratio (œ + B)/(6 + 6) increased significantly (P < 
0.01) from surgery to emergence. 

The spectral edge frequency decreased after induc- 
tion (P < 0.01) and remained at that same level 
during surgery. During emergence it increased (P < 
0.01 compared with surgery) even above preinduc- 
tion values (P < 0.01). There was no change from 
emergence to recovery. 

The unfiltered EEG segments (Cz) and power 
spectra from a representative patient are shown in 
Figure 2. End-tidal concentrations of N,O and isoflu- 
rane were 60% and 0.5%, respectively. œ Activity and 
5 activity predominated preoperatively. During in- 
duction there was a large increase in EEG power 
particularly in the 6 and @ bands. During surgery, 
6 activity predominated with some superimposed 
a activity. During emergence there was a reduction 
of 6 activity. During recovery, the spectrum showed 
low levels of activity across the spectrum with 6 
and @ activity predominant. Muscle artifacts are evi- 
dent in the EEG segments during emergence and 
recovery. 


Discussion 


The ASSR was consistently recorded in normal wak- 
ing subjects and in patients before anesthesia. This 
study demonstrated that the amplitude of the 40-Hz 
ASSR is reduced to 5%-15% of control values during 
general anesthesia with isoflurane or isoflurane/N,O. 
The findings replicate the observations by Hogan (15) 
who described a 78% amplitude reduction of the 
averaged ASSR during isoflurane/N,O anesthesia. At 
comparable end-tidal levels, Heneghan et al. (25) 
described about a 50% reduction of the amplitude of 
the transient middle-latency auditory evoked re- 
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a B 
(7.4-13.4 Hz) (13.4-30 Hz) (a+ PAE + & 
0.21 + 0.14 0.06 + 0.04 0.37 + 0.26 
0.12 + 0.13 0.03 + 0.04 0.23 + 0.27 
0.16 + 0.12 0.02 + 0.02 0.26 + 0.23 
0.23 + 0.08 0.16 + 0.09 0.72 + 0.38 
0.20 + 0.13 0.11 + 0.04 0.54 + 0.37 
NS P< 0.001 P< 0.01 


sponse during anesthesia with isoflurane and N,O. 
Most anesthetic agents increase the latency and re- 
duce the amplitude of the transient middle-latency 
auditory response (11,26,27). This will interfere with 
the formation of the ASSR, which depends in part on 
the overlapping of the response to successive stimuli. 
The ASSR is therefore more susceptible to anesthesia 
than the transient response. 

The attenuation of the ASSR cannot be accounted 
for by conductive hearing loss because the auditory 
brainstem response, concomitantly recorded in three 
patients, showed no evidence of a substantial in- 
crease in wave I latency. Conductive hearing loss is 
virtually always associated with increased wave I 
latency (28). The 0.07-ms prolongation of wave I 
latency found in our patients would correspond to 
only 2-dB attenuation of stimulus intensity (28). The 
latencies of waves II] and V were slightly prolonged, 
as expected during isoflurane anesthesia (25,29). 

The ASSR became attenuated during late induc- 
tion. The injection of thiopental was completed at 
that time, and no other drug had been given except 
vecuronium. Therefore, thiopental alone can attenu- 
ate the ASSR. In two patients the effect of thiopental 
alone was studied for a longer period, because tra- 
cheal intubation was delayed by 34 min. The ASSR 
amplitude was comparable to that measured during 
isoflurane anesthesia 30-90 min later. Because of 
rapid redistribution, the residual effects of thiopental 
during surgery may be assumed to be negligible. 
Thus, the change in the ASSR seen with thiopental or 
isoflurane is similar, suggesting that the change is not 
agent-specific. 

Furthermore, the attenuation of the ASSR does not 
appear to be dose-dependent. Recordings in three 
patients at 0.5% end-tidal isoflurane were similar to 
those obtained during surgery (1.0% end-tidal isoflu- 
rane). This contrasts with the dose-dependent effects 
of isoflurane on the transient middle-latency auditory 
response (25). The amplitude of the ASSR may there- 
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fore be related more to the level of consciousness 
than to the level of the anesthetic agent. 

The ASSR was clearly recognizable during emer- 
gence and recovery. However, it was significantly 
smaller than during the preanesthetic period, having 
about one-third the amplitude in emergence and just 
over half the amplitude in recovery. The patients 
were not fully alert during these periods. The behav- 
ioral responsiveness to the occasional target tones 
(Table 1) was quite reduced. It is possible, therefore, 
that the ASSR reflects the decreased level of arousal 
cr wakefulness—somewhere between sleep and 
alertness. Sleep is generally associated with a reduc- 
tion of the ASSR to about one-half to one-third its 
normal waking amplitude (12,13). 

Two limitations must be emphasized. First, the 
absence of behavioral responsiveness to target stimuli 
during surgery means nothing because muscle paral- 
ysis renders button-pressing impossible. We there- 
fore did not obtain a valid behavioral measure during 
surgery. Second, we are not contending that the 
ASSR is a monitor of intraoperative awareness or 
recall thereof. The ASSR appears to reflect the level of 
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SPECTRA 


Figure 2. Electroencephalogram recorded from Cz for one repre- 
sentative patient. The patient received N,O (60% end-tidal) and 
isoflurane (0.5% end-tidal). On the left is shown a brief portion 
(2 3) of the EEG for each period. On the right is shown the s 
obtained with the fast Fourier transform of 8 s of EEG. Preinduc- 
tion « activity is denoted by the arrow. Low frequency power has 
been clipped during induction. 


wakefulness. Awareness and wakefulness can be 
dissociated in both normal subjects and neurologic 
patients. A normal subject can be awake but unaware 
of certain aspects of his or her environment. A 
neuro-vegetative patient can be awake but totally 
unaware and devoid of any cognitive activity (30). 
Awareness therefore implies more than wakefulness. 

The increased EEG power after induction is con- 
sistent with the known effects of thiopental (4,5). Of 
all the EEG parameters, it is the spectral edge fre- 
quency that showed the most appropriate changes 
with the various stages of anesthesia. There was a 
significant decrease after induction, one that per- 
sisted during surgery. However, the spectral edge 
frequency reached values above control during emer- 


HUMAN AUDITORY STEADY-STATE RESPONSE 


gence and recovery. In all likelihood, contamination 
by muscle artifacts accounts for this increase of the 
spectral edge frequency during emergence and recov- 
ery. There is overlap between the power spectrum of 
the EEG and of the muscle activity (31). Muscle 
artifacts may also account for the increase of the 
median frequency and of the activity in the 8 band 
from surgery to emergence. Muscle artifacts compli- 
cate interpretation of the EEG and may easily invali- 
date procedures that attempt to summarize EEG data 
as a single number. The importance of muscle arti- 
facts is frequently overlooked because many EEG and 
evoked-potential studies focus primarily on preanes- 
thetic, postinduction, and surgical stages. Further- 
more, the muscle artifacts are frequently masked 
because the spectral waveforms are smoothed before 
display (5). Because emergence from anesthesia is 
frequently associated with increased muscle activity 
(e.g., shivering, limb movements), complete elimina- 
tion of muscle artifacts is difficult. In paralyzed pa- 
tients, EEG changes from surgical anesthesia to emer- 
gence would be different because muscle artifacts 
would not occur. It is very difficult to determine 
whether the EEG changes in fully paralyzed patients 
emerging from anesthesia would relate to the regain- 
ing of consciousness. We have recorded the EEG only 
from midline scalp locations in contrast to the usual 
choice of lateral scalp locations for monitoring during 
anesthesia. This does not invalidate our recordings, 
however, because anesthetic-induced EEG changes 
are widespread (in contrast to ischemic changes, 
which may be limited to one hemisphere). 

Our recording techniques allowed us to record 
both the ASSR and the transient responses to the 
targets. The transient responses will be reported in 
another paper. If one wishes just to record the ASSR, 
several procedures can be used to improve the detec- 
tion of the response (32). The most important would 
be to increase the duration of the recording epoch. 
Another would be to stimulate each ear separately 
using different stimulus rates. 

We conclude that the ASSR is a promising tool for 
monitoring anesthesia. It is consistently recorded in 
normal subjects and consistently attenuated by anes- 
thesia. This attenuation by general anesthesia seems 
related to a decreased level of consciousness and does 
not appear to be agent-specific or dose-dependent. 
The ASSR appears particularly useful in studying the 
transition from consciousness to unconsciousness as 
well as the recovery from anesthesia. The ASSR is 
relatively easy to measure and is less influenced by 
muscle artifacts than is the EEG. 
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isoflurane lead to a higher incidence of myocardial 
infarction and perioperative death than enflurane in 
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To examine if the choice of volatile agents influences cardiac 
outcome in coronary artery surgery, 1178 patients under- 
going elective coronary artery bypass grafting without 
additional operations received enflurane (608) or isoflurane 
(570) as their primary anesthetics. The inspired concentra- 
tion of volatile agent (administered with 50% nitrous oxide) 
was adjusted depending on the level of blood pressure at the 
discretion of the anesthesiologist. In addition to the volatile 
agent assigned, each patient recetved small doses of fentanyl 
at induction and before sternotomy (total 0.006-0.008 
mg/kg). The groups did not differ in preoperative and 


Recent laboratory as well as clinical studies have 
suggested that isoflurane should not be used in 
patients with coronary artery disease because it may 
produce myocardial ischemia by a coronary steal 
(1-4). In contrast, others have found no such delete- 
rious effects of isoflurane (5,6). Furthermore, Tarnow 
et al. (7) reported the beneficial effects of isoflurane in 
pacing-induced ischemia. Thus, the question remains 
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surgical characteristics except for a more frequent history of 
renal dysfunction in patients given isoflurane. The rates of 
postoperative myocardial infarction, administration of pos- 
itive inotropic agents at the time of weaning from cardio- 
pulmonary bypass, and in-hospital deaths in the enflurane 
and isoflurane groups were 1.8% and 4.0% (P < 0.05), 
4.9% and 8.1% (P < 0.05%), and 0.3% and 2.1% (P < 
0.01), respectively. Although the mechanism of the adverse 
effects of isoflurane could not be clarified in this study, these 
results demonstrate that the use of isoflurane could be 
inappropriate in patients undergoing coronary artery by- 
pass grafting. 


Key Words: ANESTHESIA, carpiac—outcome. 
ANESTHETICS, voLatr_e—enflurane, isoflurane. 
SURGERY, CORONARY ARTERY BYPASS GRAFTING. 


whether the use of isoflurane is appropriate in pa- 
tients undergoing coronary artery bypass grafting 
(CABG). In view of this, we examined the effects of 
isoflurane and enflurane on cardiac outcome in cor- 
onary artery surgery in a large patient population. 


Methods 


With institutional ethical committee approval and 
informed consent, the use of primary anesthetic 
agent, isoflurane or enflurane, was alternated on a 
weekly basis in all operating rooms. One thousand 
one hundred seventy-eight patients undergoing elec- 
tive CABG surgery were studied from February .27, 
1987, to April 29, 1988. Excluded were patients who 
had any associated operation such as valve replace- 
ment, plication or resection of a ventricular aneu- 
rysm, and simultaneous carotid endarterectomy, as 
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well as those who underwent internal mammary 
artery grafting. Preoperative risk factors were evalu- 
ated by calculating the Montreal Heart Institute Risk 
Classification Index (class 0 = normal risk; class 1 = 
increased risk; class 2 = high risk) (8). 

Each patient was premedicated with oral 
lormetazepam and morphine sulfate intramuscularly 
approximately 1-1.5 h before induction of anesthesia. 
Anesthesia was usually induced with 1.5-2 mg/kg 
methohexital following 0.003-0.005 mg/kg fentanyl. 
Tracheal intubation was facilitated with succinylcho- 
line. Before sternotomy, additional doses of fentanyl 
(total 0.006-0.008 mg/kg, including the induction 
dose) were administered. Anesthesia was maintained 
with the volatile agent assigned and nitrous oxide 
(50%) in oxygen. Vecuronium was used for muscle 
relaxation. 

Hemodynamic monitoring included the direct 
measurement of arterial pressure and central venous 
pressure. Electrocardiograms (ECGs) were obtained 
from standard limb leads and V; lead. 

The inspired concentration of volatile agent was 
adjusted depending on the level of blood pressure at 
the discretion of the anesthesiologist. If necessary, 
nitroglycerin and/or nifedipine were administered 
intravenously to treat hypertension. Hypotension 
during the prebypass period was treated by lighten- 
ing the anesthetic level and by fluid administration 
and/or head-down position. Positive inotropic agents 
were used only rarely in the prebypass period. Sys- 
tolic blood pressure was kept as far as possible 
between 110 and 90 mm Hg. Heart rates below 45 
beats/min were treated with atropine. To lower heart 
rate, anesthesia was deepened and additional doses 
of fentanyl were administered. There was no stan- 
dard protocol for the treatment of myocardial ische- 
mia evidenced in the ECG but, in addition to treating 
hemodynamic abnormality if it existed, nitroglycerin 
infusion was tried in most cases. 

In 1002 cases, distal anastomoses of vein grafts 
were performed without cardioplegia by clamping 
the aorta intermittently during systemic hypother- 
mia, namely, cooling of blood in the extracorporeal 
circuit, after establishment of total bypass, to 27°C for 
at least 5 min. The aorta was then cross-clamped and 
one or two distal anastomoses made, which usually 
took less than 15 min with a fibrillating heart. During 
the period of cross-clamping, blood temperature was 
brought to 34°C to avoid excessive cooling of the 
body. Shortly before unclamping the aorta, blood 
was cooled again to 27°C to perfuse coronary arteries 
with cold blood. After unclamping, the coronary 
arteries were reperfused for at least 3 min until the 
next cross-clamping. In the remaining 176 cases, the 


INOUE ET AL. 


aorta was cross-clamped during the whole period of 
distal anastomoses after the infusion of cold car- 
dioplegic solution (4°-8°C). The use of cardioplegia 
depended entirely on the preference of the surgeon. 
Proximal aortic anastomoses were performed during 
rewarming after the cross-clamp was removed and 
the heart was defibrillated. During cardiopulmonary 
bypass (CPB), hypertension and hypotension were 
treated primarily by changing the concentration of 
volatile agent. 

After CPB, the volatile agent assigned was admin- 
istered in 100% oxygen. In case of difficult weaning 
from CPB, the anesthesia was switched to intrave- 
nous fentanyl and midazolam. When positive inotro- 
pic agents were required, dopamine or dopamine 
with epinephrine was administered. 

The postoperative care of patients in the intensive 
care unit (ICU) was done by physicians from the 
surgical department. The patients were usually me- 
chanically ventilated for 2-3 h postoperatively. Un- 
less their clinical status did not permit, patients were 
transferred from the ICU to a regular ward on the 
morning of the first postoperative day. 

Blood samples were taken from all patients for 
measurement of plasma levels of creatine kinase (CK) 
and CK-MB on the morning of the first postoperative 
day. Total CK activity was determined by incubation 
at 25°C using the standard method recommended by 
the German Society of Clinical Chemistry (9). CK-MB 
was measured with an immunoinhibition method 
(10). A 12-lead ECG was recorded routinely, postop- 
eratively on arrival of the patient in the ICU, on the 
morning of the first postoperative day, and 1 day 
before discharge from the hospital. Patients were 
usually discharged between the fourth and 10th post- 
operative days. 

Myocardial infarction (MI) was considered present 
when new Q waves (>0.04 s) appeared, and when 
CK-MB was in excess of 40 U/L. Diagnosis of MI 
required that both criteria be met. In the case of 
death, results of autopsy were used in the diagnosis 
of MI. In one patient who died immediately after 
arrival in the ICU, the diagnosis of MI was made only 
from the ECG. For analysis of mortality, only those 
patients who died in the hospital were included. 

Mean values were compared by Student's t-test for 
unpaired data. Frequency data were tested by x- 
analysis (in some data by Fisher’s exact test). In 
addition, multivariate discriminant analysis was used 
to find factors other than the choice of anesthetics 
that influenced MI frequency and mortality because 
we chose a nonrandom method of allocation of pa- 
tients to the two anesthetic groups (alternate weekly 
schedule) and because, at the time of statistical anal- 
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Table 1. Preoperative Patient Characteristics 


Enflurane Isoflurane 
(n = 608) (n = 570) P 

Age (yr) 59.2 + 8.6 59.5 +9.1 0.69 
Female 16.3 17.9 0.46 
Body mass index" 25.3 + 2.4 2312-75 0.17 
Preoperative medication 

Digitalis 11.0 13.3 0.22 

B-Blocker 39.5 41.9 0.39 

Calcium antagonist 84.7 87.4 0.18 

Nitrate 85.0 85.1 0.97 

Antihypertensive 3.0 3.0 0.98 

Diuretic 16.0 18.1 0.33 

Antiarrhythmic 7.1 7.9 0.59 
History of MI 0.77 

None 38.3 37.2 

>3 mo 51.3 54.0 

<3 mo 8.9 7d 

<3 wk 1.5 1.1 
Risk factors (MHI) 0.25 

Normal (0) 37.7 33.9 

Increased (1) 43.3 47.4 

High (2) 19.1 18.8 
Left main disease 7.9 7.7 0.91 
Obesity 2.6 2.5 0.84 
Age >70 yr 10.0 10.2 0.93 
Diabetes 11.8 11.9 0.96 
Reoperation 2.5 3.3 0.34 
Renal dysfunction 4.9 8.4 0.016 


MI, myocardial infarction; MHI, Montreal Heart Institute Classification; 
obesity, body mass index > 30. 

All values are expressed as percentage, except for age and body mass 
index, which are expressed as mean + sp. 

Body mass index = weight/height? (kg/m? 


ysis, it was discovered that this weekly alternation 
schedule was not perfectly followed. P values less 
than 0.05 were considered to be statistically signifi- 
cant. 


Results 


As their primary anesthetic agent, 570 patients re- 
ceived isoflurane and 608 patients enflurane. Both 
groups were similar in risk factors (Montreal Heart 
Institute Risk Classification Index) and in other pre- 
operative characteristics with the one exception of the 
incidence of a history of renal insufficiency, which 
was more frequent in patients given isoflurane (Table 
1). There was also no significant difference between 
the groups in the assignment of the seven operating 
surgeons (Table 2) and in other surgical characteris- 
tics (Table 3). A difference was found, however, in 
the intraoperative administration of vasodilators. 
More patients in the enflurane group received nitro- 
glycerin infusion in the pre- and postbypass periods 
(Table 4). 
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Table 2. Assignment of Surgeons (No. of Patients) 


Surgeons 
A B C D E F G 
Enflurane 61 84 82 141 159 60 21 
(n = 608) 
Isoflurane 70 80 95 133 122 51 19 
(n = 570) 


There were no significant differences between the groups (P = 0.42). 


Table 3. Characteristics of Surgery 


Enflurane Isoflurane 

(n = 608) (n = 570) P 
No. of CABG 33212 3.22 1.1 0.29 
Use of cardioplegia (%) 13.7 16.3 0.17 
Cross-clamp time (min) 34 + 14 35 + 15 0.68 
CPB time (min) 84 + 27 86 + 29 0.26 
Operation time (min) 168 + 38 173 + 49 0.054 


CABG, coronary artery bypass gratting; CPB, cardiopulmonary bypass. 
Values are expressed as mean + sp, except that for use of cardioplegia. 


Table 4. Intraoperative Administration of Vasodilators 


Enflurane Isoflurane 
(n = 608) (n = 570) P 
Nitroglycerin 
Before CPB 402 (66.1%) 312 (54.7%) <0.001 
After CPB 462 (76.0%) 403 (70.7%) 0.04 
Nifedipine 
Before CPB 11 (1.8%) 13 (2.3%) 0.56 
After CPB 14 (2.3%) 16 (2.8%) 0.58 


CPB, cardiopulmonary bypass. 


Among the 570 patients given isoflurane, 12 (2.1%) 
died (Table 5). Eleven deaths occurred as a direct 
result of heart failure or arrhythmia. Precipitating 
events included, in six of the 11 patients, severe 
hemodynamic aberrations that commenced in the 
operating room. In addition to the administration of 
catecholamines, four of the six required an intraaortic 
balloon pump to be able to leave the operating room. 
In another three of the 11 patients, severe hemody- 
namic aberrations started immediately after arrival in 
the ICU. In the remaining two of the 11 patients, 
heart failure commenced 6 and 9 h after arrival in the 
ICU. Seven of the above patients had evidence of MI 
and were included in the group considered to have 
MI. The 12th patient died of multisystem failure. The 
precipitating factor was considered to be low cardiac 
output. 

Of the 608 patients who received enflurane, two 
(0.3%) died. In both patients, hemodynamic aberra- 
tions that started in the operating room were attrib- 
utable to MI. The difference in mortality between the 
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Table 5. Incidence of Postoperative Myocardial 
Infarction, In-Hospital Mortality, and Difficult Weaning 
From Cardiopulmonary Bypass 





Enflurane Isoflurane 
(n = 608) (n = 570) P 
MI (total) 11 (1.8%) 23 (4.0%) 0.023 
Q waves 18 (3.0%) 32 (5.6%) 0.024 
CK-MB>40 23 (3.8%) 32 (5.6%) 0.13 
Deaths (total) 2 (0.3%) 12 (2.1%) 0.006° 
Event in OR 2 (0.3%) 6 (1.1%) 
Event on arrival 3 (0.5%) 
Event 6 h after operation 1 (0.2%) 
Event 9 h after operation 1 (0.2%) 
Multisystem failure 1 (0.2%) 
MI (dead) 2 (0.3%) 7 (1.2%) 0.08 
Difficult weaning 
Dopa/epineph 30 (4.9%) 46 (8.1%) 0.029 
IABP in OR 0 (0.0%) 4 (0.7%) 0.054" 
Additional CPB 6 (1.0%) 9 (1.6%) 0.36 


MI, myocardial infarction; OR, operating room; dopa/epineph, admin- 
istration of dopamine, or dopamine and epinephrine; IABP, intraaortic 
balloon pump; CPB, cardiopulmonary bypass. 

“By Fisher's exact test. 


isoflurane and enflurane groups was statistically sig- 
nificant {P < 0.01). 

Among the patients who survived, 16 who re- 
ceived isoflurane and nine who received enflurane 
suffered MI. Thus, the incidence of MI was 4.0% (16 
plus 7 patients) in the isoflurane group and 1.8% (9 
plus 2 patients) in the enflurane group. The differ- 
ence was Statistically significant (P < 0.05). Because 
the definition of MI varies among institutions, data 
on CK-MB and Q waves are separately shown in 
Table 5. The difference in the number of new Q 
waves between the two groups was statistically sig- 
nificant, but the difference in positive CK-MB values 
was not significant. 

Ease of termination of CPB was evaluated in terms 
of the frequency of catecholamine administration and 
in the requirement of additional CPB (for reperfusion 
or revision of grafts) and/or an intraaortic balloon 
pump. Forty-six patients (8.1%) in the isoflurane 
group and 30 patients (4.9%) in the enflurane group 
required catecholamine (dopamine alone or dopa- 
mine and epinephrine) in the operating room (P < 
0.05). Of those who needed catecholamine, MI was 
diagnosed in 10 patients in the isoflurane group (six 
survived) and in four in the enflurane group (two 
survived). Additional CPB was required in nine pa- 
tients in the isoflurane group and in six in the 
enflurane group (not a significant difference). As 
mentioned above, an intraaortic balloon pump was 
implanted in the operating room in four patients of 
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the isoflurane group but in none of the enflurane 
group (not a significant difference). 

As stated in Methods, the allocation of patients 
was not randomized, and therefore we looked for any 
difference in preoperative and surgical characteristics 
between the two groups, using uni- and multivariate 
analysis to determine if any factor in preoperative 
patient characteristics and assignment of surgeons 
could be a predictor of cardiac outcome. A history of 
renal insufficiency was the only factor, other than the 
anesthetic agent, that we could find to be different 
between the groups. However, the former did not 
influence outcome because none of patients with a 
history of renal insufficiency died and only one of 
them had postoperative MI. Thus, the anesthetic 
agent was the only factor that we could find to be 
related to the observed differences in cardiac out- 
come. 


Discussion 


Our results demonstrate that isoflurane negatively 
influences outcome after coronary artery surgery. 
Outcome depends, however, on many factors, in- 
cluding preoperative patient characteristics, anes- 
thetic techniques, and—very important—surgical fac- 
tors. The conclusion of our study is based on the 
assumption that any factors other than the choice of 
anesthetics did not differ between the groups. We 
believe that the preoperative risk factors that might 
have influenced outcome were randomized as the 
evaluation of the Montreal Heart Institute Risk Clas- 
sification Index showed no difference between 
groups. Anesthetic management was not standard- 
ized in detail for the present study except for the 
choice of volatile anesthetics, but rather each anes- 
thesiologist managed the patient at his or her own 
discretion. We considered this to be the norm in 
clinical practice, and, in such a large number of 
patients, differences in management should have 
been averaged out in both groups. Finally, surgical 
factors, including the technical quality of each oper- 
ation, which should have played an essential role in 
determining outcome, were not evaluated in the 
present study. Therefore, we do not know to what 
extent technical problems in surgery contributed to 
the difference in outcome between the groups. We 
believe, however, that the similar assignment of each 
surgeon to both anesthetics and a large patient pop- 
ulation eliminated inequality in surgical skill and 
judgment as a factor in determining differences in 
outcome between the two groups of patients in our 
study. 


ISOFLURANE AND CORONARY ARTERY SURGERY 


To our knowledge, two additional CABG outcome 
studies have been reported. Both showed, in contrast 
to our results, no deleterious effects of isoflurane in 
coronary artery surgery (11,12). In one study, volatile 
anesthetics were used as supplements to intravenous 
agents (12); in the other study, volatile agents were 
‘used as the primary anesthetic agent (11), as in our 
study. The major difference between the latter study 
(11) and ours seems to lie in management during 
CPB. In that study, volatile agents were not used in 
all cases as the primary anesthetic during CPB, 
whereas in our study they were used in all patients. 
In addition, different methods were used for myocar- 
dial protection during CABG. In the other study, 
after infusion of cardioplegic solution the aorta was 
cross-clamped for the whole time during distal vein 
graft anastomoses, whereas in most of our patients 
cardioplegic solutions were not used, i.e., coro 
arteries were intermittently perfused with cold blood 
containing a volatile agent between successive anas- 
tomoses of distal vein grafts. 

Intermittent aortic cross-clamping without car- 
dioplegia was mostly used in the 1960s and early 
1970s. The favorable factors of intermittent cross- 
clamping are that, first, it is easy to perform and, 
second, identifying the appropriate site for incision in 
a coronary artery may be easier with intermittent 
cross-clamping than with cardioplegia because coro- 
nary arteries are filled with blood using the former 
technique but with clear crystalloid solution using the 
latter. The cold cardioplegic technique appears, how- 
ever, to be superior to the intermittent cross- 
clamping for myocardial protection (13,14). Thus, 
today most surgeons use cold cardioplegic myocar- 
dial protection. Some surgeons have, nonetheless, 
reported excellent clinical outcomes using the inter- 
mittent cross-clamping technique (15,16), and this 
method continues to be used in some clinics for 
CABG. Good results with this method are also evi- 
dent in the overall MI rate (2.9%) and mortality 
(1.2%) in our study, in which 85% of CABGs were 
done without cardioplegia. 

Until the start of CPB, there were some differences 
in anesthetic technique between our study and that of 
Slogoff and Keats (11), including, for example, the 
fact that they administered more fentanyl for induc- 
tion of anesthesia than we did, but did not use 
nitrous oxide for maintenance of anesthesia. Because 
administered concentrations of volatile agents were 
not reported (11), we cannot infer different conse- 
quences derived from these differences in manage- 
ment. We think, however, that there might have 
been only minimal differences between both studies 
in the administration of volatile agents until the start 
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of CPB because the reduction of MAC by the higher 
dose of fentanyl in their study (11) should have been 
offset by the fact that they did not use nitrous oxide. 
Thus, if differences in management between their 
study and ours occurred mainly during CPB, it is 
tempting to speculate that CPB was the period when 
deleterious effects of isoflurane on myocardium be- 
came manifest, i.e., the myocardium may have been 
damaged or not sufficiently protected during reper- 
fusion periods more often with isoflurane. 

We cannot, of course, conclude from the present 
study that, as the result of coronary steal, isoflurane 
led to higher incidence of difficult weaning from CPB, 
higher incidence of MI, and higher mortality. Causes 
other than coronary steal may have contributed to the 
detrimental effect of isoflurane on cardiac outcome. 

Unfortunately, we did not prospectively study 
differences in hemodynamic parameters between 
both groups. The fact that nitroglycerin was more 
often administered in the enflurane group both in the 
pre- and post-CPB periods may suggest, however, 
that blood pressure tended to be higher in the enflu- 
rane group. Thus, there might have been differences 
in anesthetic management due to the different char- 
acters of these anesthetics. Nevertheless, because the 
purpose of our study was to investigate differences in 
outcome when enflurane and isoflurane were used as 
a clinical routine, we present our results as a caution- 
ary note regarding the routine use of isoflurane in 
patients undergoing CABG, irrespective of the cause 
of the observed differences in outcome. 
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THE FIRST 
INJECTABLE 
ANALGESIC NSAID 


FOR THE 
MANAGEMENT OF 
POSTOPERATIVE 
AND OTHER 
ACUTE PAIN 





POSTOPERATIVE 
AND OTHER 


it 


ACUTE PAIN 


Artist's interpretation of pain relief 
through reduction of prostaglandin 
levels that reduces the sensitivity 
of afferent receptors at peripheral 
nerve endings. 





TORADOL 


(KETOROLAC TROMETHAMINE) conc 


NARCOTIC EFFICACY 
WITHOUT NARCOTIC 
DRAWBACKS 


The first peripherally acting analgesic 
with efficacy comparable to morphine 12 mg 
and meperidine 100 mg 


Analgesic efficacy of TORADOL™ administered 24-72 hours postsurgery' 


EQUIVALENT || COMPARABLE PEAK PAIN RELIEF LONGER DURATION 
ONSET OF ANALGESIA 
OF ACTION 


TORADOL 30 mg IM (N=169) 
[ Morphine 12 mg IM (N=78) 


Meperidine 100 mg IM (N=92) 


MEAN PAIN RELIEF 


Pooled analysis of 5 randomized, double-blind, single-dose 
studies (2 vs morphine, 3 vs meperidine). Pain relief was 
measured on a scale of 0-4: 0= none, 1= poor, 2=fair, 
3= good, 4=very good pain relief. 


Documented efficacy following a broad range 
of surgical procedures: 


General, orthopaedic, gynecologic (not for obstetric use) 


© 





START RECUPERATION 
WITHOUT NARCOTIC 
SIDE EFFECTS’ 


m 62% less nausea and 44% less vomiting 
m 48% fewer CNS side effects 

m No respiratory depression 

Æ No hypotension 


Æ 1-day earlier resumption of normal bowel function 
following major abdominal surgery 


Æ No difference in clinically significant postoperative bleeding 
with TORADOL ™ (04%) as compared to opiates (0.2%) 


Comparison of most frequently reported side effects in 2 multi-dose studies (TORADOL ™ vs morphine) 
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% of patients reporting complaints 





% of patients reporting complaints 
% of patients reporting complaints 


5 
0 0 
SOMNOLENCE HEADACHE DIZZINESS NAUSEA VOMITING URINARY PRURITUS PAINAT 
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GU OTHER 


BB Morphine (N=151) W TORADOL (N=509) 


Adverse reactions rates from short-term use of NSAIDs are 
generally from 1/2 to 1/10 the rates associated with chronic 
usage. This is also true for TORADOL™ 


INEW 


“As with other nonsteroidal drugs, the most frequently reported side effects are 
gastrointestinal, with some GI symptoms reported by 3-9% of patients in clinical trials. 
See “Warnings, “Precautions, and “Adverse Reactions’ sections of prescribing information. 


**Most frequently reported side effects in major body systems with the exception of 
the cardiovascular system. 2% of patients treated with Toradol reported vasodilation 
as compared to 1% of patients treated with morphine. 


1. Documented in 2 randomized, double-blind, multi-dose studies in which 509 patients received ketorolac 30 mg and 151 patients received 
morphine 10 mg or morphine 12 mg. Bowel function was evaluated in a subset of 47 patients undergoing gastric bypass surgery. Data on file, 
Syntex Laboratories, Inc., Document #90037-2. 

2. Data on file, Syntex Laboratories, Inc., Document #90037-3 
Please see brief summary of prescribing information on last page of this advertisement. 





FOR — 
POSTOPERATIVE SA C w ta 
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Analgesic therapy well suited 
for postoperative use 


TORADOL ™ is not an opiate 

Æ Does not act on opiate receptor sites 

m No potential for abuse 

m No special restrictions or controls required 


May be an appropriate alternative to narcotics for: 
m Patients with narcotic allergy or intolerance 
m Patients with a history of, or potential for, drug abuse or dependence 


Special advantages may facilitate postoperative 
recuperation 


m Patients with COPD or the obese—no negative effects 
on pulmonary function 


m Ambulatory surgery patients—less CNS impairment (e.g., 59% less 
somnolence and 40% less dizziness) 


Optimize analgesia on the day of surgery 


m On the day of surgery, some TORADOL ™ patients may require 
supplemental narcotics if pain relief is inadequate 1-2 hours 
after dosing 


m On average, only one supplemental dose of narcotics may be required’ 


TORADOL™ 


(KETOROLAC TROMETHAMINE) sone 


NARCOTIC EFFICACY WITHOUT NARCOTIC DRAWBACKS* 








FOR 
POSTOPERATIVE 
AND OTHER 
ACUTE PAIN 
TORADOL ™ 


(KETOROLAC TROMETHAMINE) sone 


OPTIMIZE ANALGESIC THERAPY 
FOR THE POSTOPERATIVE PATIENT 


PROPER DOSAGE POSTOPERATIVELY i 
For maximum analgesia: 


Æ Give patients prompt pain relief: start with loading dose of 60 mg IM 
m Follow with maintenance dose of 30 mg IM Q6h to control pain 


m The recommended maximum total daily dose is 150 mg for the first day and 
120 mg/day thereafter’ 





Simulated incremental plasma concentrations after 
2 multi-dose regimens: (1) TORADOL ™ 30 mg Q6h (no load); 
(2) TORADOL ™ 60 mg LOADING DOSE followed by 30 mg Q6h 


A = Plasma concentration above which side effects are more frequent 


B = Estimated concentration required to obtain 50% decreases in pain 
intensity scores in dental surgery pain 


Achieve optimal peak and trough plasma levels by starting with 
a loading dose (e.g., 60 mg), while maintaining plasma levels 
within the recommended therapeutic range. Follow with 
maintenance doses (e.g., 30 mg every 6 hours) to keep plasma 
levels in the optimal range. 


Concentration (ug/mL) 





Time re 


Patient Selection: Use in patients with moderate-to-severe postoperative pain 
following general, orthopaedic, or gynecologic surgery (not for obstetric use) 
Lower doses: 

m Recommended for patients under 50 kg (110 pounds), patients over 65 years 
of age, and patients with reduced renal function 

@ Start with loading dose of 30 mg IM 

m Follow with maintenance dose of 15 mg IM O6h to control pain 


On the day of surgery, some TORADOL™ patients may require supplemental 
narcotics if pain relief is inadequate 1-2 hours after dosing 
(not compatible in same syringe) 


*Dosages above those recommended are not associated with commensurate increases in efficacy. =, 
Please see brief summary of prescribing information on last page of this advertisement 
© 1990 Syntex Laboratories, Inc. TD 90037 = 
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TORADOL® IM (ketorolac tromethamine) 


Brief Summary 

TORADOL is a nonsteroidal anti-inflammatory drug (NSAID). TORADOL 15 mg/mL solution contains 10% (w/v) 
alcohol, USP and 6.68 mg sodium chloride in sterile water. The 30 mg/mL solution contains 10% (w/v) alcohol, USP 
and 4.35 mg sodium chloride in sterile water The pH is adjusted with sodium hydroxide or hydrochloric acid 
Indications and Usage: Indicated for the short-term management of pain. Not recommended for use as an 
obstetrical preoperative medication or for obstetrical analgesia because it has not been adequately studied and 
because of the known effects of NSAIDs on uterine contraction and fetal circulation. Not recommended for routine 
use with other NSAIDs because of the potential for additive side effects. TORADOL protein-binding is affected by 


aspirin but not by acetaminophen, ibuprofen, naproxen or piroxicam. Studies with other NSAIDs have not been done. 


Has been used concomitantly with morphine and meperidine without adverse interactions. Contraindications: Do 
not use in patients with hypersensitivity to ketorolac or with the complete or partial syndrome of nasal polyps, 
angioedema, and bronchospastic reactivity to aspirin or other NSAIDs. Warnings: Although TORADOL Injection is 
recommended for short-term use only, long-term administration of oral ketorolac has shown that this drug shares 
the risks of other NSAIDs when taken chronically. Serious GI toxicity, such as bleeding, ulceration, and perforation, 
can occur at any time, with or without warning symptoms, in patients treated chronically with NSAIDs. Remain alert 
for ulceration and bleeding in such patients, even in the absence of previous GI tract symptoms. In clinical trials, 
symptomatic upper GI ulcers, grdss bleeding or perforation appear to occur in approximately 1% of patients treated 
for 3-6 months, and in about 2-4% of patients treated for 1 year. Inform patients ebout the signs and/or symptoms of 
serious GI toxicity and what steps to,take if they occur. Studies have not identified any subset of patients not at risk 
of developing peptic ulceration and bleeding. Except for a prior history of serious GI events, and other risk factors 
known to be associated with peptic ufer disease, such as alcoholism, smoking, etc., no risk factors (e.g., age, sex) 
have been associated with increased risk. Elderly or debilitated patients seem to tolerate ulceration or bleeding less 
well than others and most spontaneous reports of fatal GI events are in this population. High doses of an NSAID 
probably carry a greater risk of these reactions. In considering the use of relatively large doses (within the 
recommended dosage range), sufficient benefit should be anticipated to offset the potential increased risk of GI 
toxicity. Precautions: Impaired Renal or Hepatic Function: As with other NSAIDs, use with caution in patients with 
impaired renal or hepatic function, or a history of kidney or liver disease. Renal Effects: As with other NSAIDs, 
long-term administration to animals resulted in renal papillary necrosis and other abnormal renal pathology. In 
humans, hematuria and proteinuria have occurred in long-term trials with oral ketorolac with a frequency and degree 
similar to aspirin. A second form of renal toxicity has been seen in patients with conditions leading to a reduction in 
blood volume and/or renal blood flow. In these patients, an NSAID may precipitate overt renal failure. Patients at 
et risk are those with impaired renal function, heart failure, liver dysfunction, taking diuretics, and the elderly. 

iscontinuation of the NSAID is typically followed by recovery. Use with caution in patients with impaired renal 
function as reduced creatinine clearance results in reduced clearance of the drug. Follow such patients closely. Fluid 
Retention and Edema: These have been reported with NSAIDs; use TORADOL with caution in patients with cardiac 
decompensation, hypertension, or similar conditions. Hepatic Effects: With NSAIDs, borderline elevations of liver 
tests may occur in up to 15% of patients. These may progress, remain unchanged, or disappear with continued 
therapy. Elevations of ALT (SGPT) or AST (SGOT) occurred in clinical trials with oral ketorolac in less than 1% of 
patients. Evaluate a patient with symptoms and/or signs suggesting liver dysfunction, or in whom an abnormal liver 
test has occurred, for evidence of a more severe hepatic reaction. Hematologic Effects: TORADOL inhibits platelet 
aggregation and may prolong bleeding time but does not affect platelet count, prothrombin time (PT) or partial 
thromboplastin time (PTT). Carefully observe patients with coagulation disorders or who are receiving drug therapy 
that interferes with hemostasis. Inhibition of platelet function by TORADOL disappears within 24-48 hours after the 
drug is discontinued. In clinical studies, the incidence of clinically significant postoperative bleeding was 04% 
compared to 0.2% in the groups receiving opiates. Drug Interactions: TORADOL is highly bound to plasma protein 
(mean 99.2%), independent of concentration. In vitro binding of warfarin to plasma proteins is slightly reduced by 
TORADOL (99.5% contro! vs 99.3% with TORADOL 5-10 g/mL). TORADOL does not alter digoxin protein binding. At 
therapeutic concentrations of salicylate (300 pg/mL), in vitro binding of TORADOL was reduced from 99.2% to 
975%, a potential 2-fold increase in unbound TORADOL plasma levels; hence, use TORADOL with caution (or at a 
reduced dosage) in patients being treated with high dose salicylate regimens. Therapeutic concentrations of digoxin, 
warfarin, ibuprofen, naproxen, acetaminophen, phenytoin, tolbutamide and piroxicam did not alter TORADOL protein 
binding. In a study of 12 healthy volunteers given TORADOL 10 mg orally for 6 days prior to co-administration of a 
single dose of warfarin 25 mg, no significant changes in pharmacokinetics or pharmacodynamics of warfarin were 
detected. In another study of 12 healthy volunteers, co-administration of heparin 5000 U s.c. and TORADOL did not 
show any pharmacodynamic effects of the combination on template bleeding time or kaolin cephalin clotting time 
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There is no evidence that TORADOL induces or inhibits the hepatic enzymes capable of metabolizing itself or other 
drugs. Some NSAIDs inhibit renal lithium clearance, leading to increased plasma concentration. This has not been 
studied with TORADOL. Some NSAIDs reduce the clearance of methotrexate, enhancing its toxicity. This has not 
been studied with TORADOL. TORADOL has been administered concurrently with morphine in clinical trials without 
adverse interactions. Carcinogenesis, Mutagenesis, and Impairment of Fertility: Studies in mice and rats at 
oral doses equal to or 2.5 times the parenteral MRHD (Maximum Recommended Human Dose), respectively, showed 
no evidence of tumorigenicity. Ketorolac was not mutagenic in tests with S. typhimurium, S. cerevisiae, or E. coli and 
did not cause chromosome breakage in the in vivo mouse micronucleus assay. Impairment of fertility did not occur in 
male or female rats at oral doses 4.5 and 8 times the parenteral MRHD, respectively. Pregnancy: Pregnanc 
Category B: Reproduction studies in rabbits and rats with daily oral doses 1.8 and 5 times the parenteral MRHD, 
respectively, did not reveal evidence of harm to the fetus. Ketorolac caused delayed parturition and dystocia in rats 
at oral doses higher than the parenteral MRHD, like other NSAIDs. There are no adequate and well-controlled 
studies in pregnant women. TORADOL should be used during pregnancy only if clearly needed and no known safer 
alternatives are available. Labor and Delivery: TORADOL is not recommended for use during labor and delivery 
Lactation and Nursing: After a single oral dose of TORADOL 10 mg to humans, the maximum milk concentration 
was 73 ng/mL and the maximum milk-to-plasma ratio was 0037. After one day of dosing (qid), the corresponding 
values were 79 ng/mL and 0.025. Use caution when TORADOL is administered to a nursing woman. Pediatric Use: 
TORADOL is not recommended for use in children. Use in the Elderly: Because ketorolac is cleared more slowly by 
elderly, who are also more sensitive to renal effects of NSAIDs, use extra caution and reduced dosages when 
treating the elderly. Adverse Reactions: Adverse reaction rates from short-term use of NSAIDs are generally 1/2 
to 1/10 the rates associated with chronic usage. This is also true for TORADOL. In studies of patients treated for up 
to 1 year, the incidence of serious and nonserious ADRs, including GI tract ulceration and bleeding (yearly rate 1.2 to 
54%), associated with oral ketorolac 10 mg, 1 to 4 times per day prn, was comparable to treatment with aspirin 650 
mg prn. Be alert for the usual complications of NSAID treatment. The adverse reactions listed below were reported 
to be probably related to TORADOL in trials in which patients received up to 20 doses of TORADOL 30 mg IM in 5 
days. Incidence greater than 1%: Body as a whole: edema. GI: nausea* dyspepsia’ GI pain? diarrhea. Nervous 
system: drowsiness? dizziness, headache, sweating. Injection site pain was reported by 2% of patients in multidose 
studies (vs 5% for morphine). “Incidence of reported reaction 3%-9%. Reactions occurring in less than 3% are 
unmarked. Incidence 1% or less: Body as a whole asthenia, myalgia. Cardiovascular: vasodilation, pallor. 
Dermatologic: pruritus, urticaria. Gl: constipation, flatulence, GI fullness, liver function abnormalities, melena, 
peptic ulcer, rectal bleeding, stomatitis, vomiting. Hemic and lymphatic: purpura. Nervous system: dry mouth, 
nervousness, paresthesia, abnormal thinking, depression, euphoria, excessive thirst, inability to concentrate, insom- 
nia, stimulation, vertigo. Respiratory: dyspnea, asthma. Special senses: abnormal taste, abnormal vision. Urogenital 
increased urinary frequency, oliguria. Drug Abuse and Physical Dependence: TORADOL is not a narcotic agonist 
or antagonist. Subjects did not show any symptoms or signs of withdrawal upon abrupt discontinuation of IV or IM 
dosing. Patients receiving TORADOL orally for =6 months have not developed tolerance and there is no pharmaco- 
logic basis to expect addiction. TORADOL did not exhibit activity in classical animal studies which are reasonable 
predictors of opiate analgesic action. In vitro, TORADOL does not bind to opiate receptors. Thus, TORADOL does not 
have central opiate-like activity. Overdosage: Lack of experience with acute overdosage precludes characteriza- 
tion of sequelae and assessment of antidotal efficacy. At single oral doses > 100 mg/kg in rats, mice and monkeys, 
symptoms such as decreased activity, diarrhea, pallor, labored breathing, rales, and vomiting were observed 
Dosage and Administration: TORADOL may be used on a regular schedule or prn, although current recommenda- 
tions for pain management are to use analgesics on a regular schedule rather than prn based on the return of pain. 
For the short-term management of pain the recommended initial dose is 30 or 60 mg IM as a loading dose, followed 
by half of that (15 or 30 mg) every 6 hours as long as needed to control pain. The recommended maximum total daily 
dose is 150 mg for the first day and 120 mg/day thereafter. The lower end of the dosage range is recommended for 
patients under 50 kg (110 pounds), for patients over 65 years of age, and for patients with reduced renal function. 
CAUTION: Federal law prohibits dispensing without prescription 
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Easy | reversal , complete recovery 


- Rapid elimination of Tracrium means ) 
easy reversal. and fast, complete recovery. Of all 
the agentsi in its Class¥ Tracrium has the shortest 


elimination half-life (approx. 20 min.).! 


| Reged risk of residual blockade 


short and long procedures andina wide 
“range patient types, its unique) metabolism- — 









Outstanding record | 
of cardiovascular safety — 
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TRAGRIUM wwection 


(atracurium besylate) 


Ready-to-use convenience, stable 14 days on carts and trays 


Brief Summary 


This drug should be used only by adequately trained individuals familiar with its actions, characteristics, and 
hazards. 


INDICATIONS AND USAGE: Tracriumis indicated, as an adjunct to general anesthesia, to facilitate endotracheal 
intubation and to provide skeletal muscle relaxation during surgery or mechanical ventilation. 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to have a hypersensitivity to it. 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT AND RESPI- 
RATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE FOR ENDOTRACHEAL 
INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION OF POSITIVE PRESSURE 
OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH ASSISTED OR CONTROLLED VENTI- 
LATION. ANTICHOLINESTERASE REVERSAL AGENTS SHOULD BE IMMEDIATELY AVAILABLE. DO NOT GIVE 
TRACRIUM BY INTRAMUSCULAR ADMINISTRATION.  Tracrium has no known effect on consciousness. pain 
threshold, or cerebration. It should be used only with adequate anesthesia. Tracrium Injection, which has an 
acid pH, should not be mixed with alkaline solutions (e.g. , barbiturate solutions) in the same syringe or administered 
simultaneously during intravenous infusion through the same needle. Depending on the resultant pH of such 
mixtures, Tracrium may be inactivated and a free acid may be precipitated. Tracrium Injection 10 mL multiple 
dose vials contain benzyl alcohol. Benzyl alcohol has been associated with an increased incidence of neurological 
and other complications in newborn infants which are sometimes fatal. Tracrium Injection 5 mL ampuls and 5 
mL single use vials do not contain benzyl alcohol. 


PRECAUTIONS: General: Although Tracrium is a less potent histamine releaser than d-tubocurarine or metocurine, 
the possibility of substantial histamine release in sensitive individuals must be considered. Special caution should 
be exercised in administering Tracrium to patients in whom substantial histamine release would be especially 
hazardous (e.g. , patients with clinically significant cardiovascular disease) and in patients with any history (e.g... 
severe anaphylactoid reactions or asthma) suggesting a greater risk of histamine release. In these patients, the 
recommended initial Tracrium dose is lower (0.3 to 0.4 mg/kg) than for other patients and should be administered 
slowly or in divided doses over one minute. Since Tracrium has no Clinically significant effects on heart rate 
in the recommended dosage range, it will not counteract the bradycardia produced by many anesthetic agents 
or vagal stimulation. As a result, bradycardia during anesthesia may be more common with Tracrium than with 
other muscle relaxants. Tracrium may have profound effects in patients with myasthenia gravis, Eaton-Lambert 
syndrome, or other neuromuscular diseases in which potentiation of nondepolarizing agents has been noted 
The use of a peripheral nerve stimulator is especially important for assessing neuromuscular blockade in these 
patients. Similar precautions should be taken in patients with severe electrolyte disorders or car- 
cinomatosis. Multiple factors in anesthesia practice are suspected of triggering malignant hyperthermia (MH), 
a potentially fatal hypermetabolic state of skeletal muscle. Halogenated anesthetic agents and succinyicholine 
are recognized as the principal pharmacologic triggering agents in MH-susceptible patients; however, since 
MH can develop in the absence of established triggering agents, the clinician should be prepared to recognize 
and treat MH in any patient scheduled for general anesthesia. Reports of MH have been rare in cases in which 
Tracrium has been used. In studies of MH-susceptible animals (swine) and in a clinical study of MH-susceptible 
patients, Tracrium did not trigger this syndrome. Resistance to nondepolarizing neuromuscular blocking agents 
may develop in burn patients. Increased doses of nondepolarizing muscle relaxants may be required in burn 
patients and are dependent on the time elapsed since the burn injury and the size of the burn. The safety of 
Tracrium has not been established in patients with bronchial asthma. Long-Term Use in Intensive Care Unit 
(ICU): Tracrium has been used to facilitate mechanical ventilation in ICU patients. When there is a need for long- 
term mechanical ventilation, the benefits to risk ratio of neuromuscular blockade must be considered. There 
is only limited information on the efficacy and safety of Tracrium administered by long-term (days to weeks) in- 
travenous infusion to facilitate mechanical ventilation in intensive care facilities. For Tracrium, as with other 
neuromuscular blocking agents used in intensive care facilities, available evidence suggests that there is wide 
interpatient variability in dosage requirements and that these requirements may change with time. Limited data 
suggest that Tracrium infusion requirements may increase with prolonged administration in the ICU. As with 
other neuromuscular blocking agents, little information is available on the plasma levels or clinical consequences 
of atracurium metabolites following long-term (days to weeks) infusion of Tracrium in the intensive care unit set- 
ting. One metabolite of atracurium, laudanosine, when administered alone to laboratory animals, has been 
associated with cerebral excitatory effects. Physiological effects of laudanosine in humans have not been 
demonstrated. The effects of hemodialysis, hemopertusion and hemofiltration on plasma levels of atracurium 
and its metabolites are unknown. Drug Interactions: Drugs which may enhance neuromuscular blocking ac- 
tion of Tracrium include: enflurane; isoflurane; halothane; certain antibiotics, especially the aminoglycosides 
and polymyxins; lithium; magnesium salts; procainamide; and quinidine. If other muscle relaxants are used 
during the same procedure, the possibility of a synergistic or antagonist effect should be considered. The prior 
administration of succinyicholine does not enhance the duration, but quickens the onset and may increase the 
depth, of neuromuscular blockade induced by Tracrium. Tracrium should not be administered until a patient has 
recovered from succinyicholine-induced neuromuscular blockade. Carcinogenesis, Mutagenesis, Impairment 
of Fertility: A positive response was observed in the mouse lymphoma assay under conditions which killed over 
80% of the treated cells. A far weaker response was observed in the presence of metabolic activation at concen- 
trations which also killed over 80% of the treated cells. Pregnancy: Teratogenic Effects: Pregnancy Category 
C. Tracrium has been shown to be potentially teratogenic in rabbits, when given in doses up to approximately 
one-half the human dose. There are no adequate and well-controlled studies in pregnant women. Tracrium should 
be used during pregnancy only if the potential benefit justifies the potential risk tothe fetus. Labor and Delivery: 
It is not known whether muscle relaxants administered during vaginal delivery have immediate or delayed adverse 
effects on the fetus or increase the likelihood that resuscitation of the newborn will be necessary. The possibility 
that forceps delivery will be necessary may increase. Tracrium (0.3 mg/kg) has been administered to 26 pregnant 
women during delivery by cesarean section. No harmful effects were attributable to Tracrium in any of the newborn 
infants, although small amounts of Tracrium were shown to cross the placental barrier. The possibility of respiratory 
depression in the newborn infant should always be considered following cesarean section during which a 
neuromuscular blocking agent has been administered. In patients receiving magnesium sulfate, the reversal 
of neuromuscular blockade may be unsatisfactory and Tracrium dose should be lowered as indicated. Nursing 
Mothers: It is not known whether this drug is excreted in human milk. Caution should be exercised when Tracrium 
is administered to a nursing woman. Pediatric Use: Safety and effectiveness in children below the age of 1 
month have not been established. 


ADVERSE REACTIONS: Observed in Controlled Clinical Studies: Tracrium produced few adverse reactions during 
extensive Clinical trials. Most were suggestive of histamine release (see Precautions Section). The overall in- 
cidence rate for clinically important adverse reactions was 7/875 or 0.8%. Most adverse reactions were of 
little clinical significance unless they were associated with significant hemodynamic changes. Substantial vital 
sign changes greater than or equal to 30% observed in 530 patients, without cardiovascular disease, were as 
follows: in those patients given the recommended initial dosage range of 0.31 to 0.50 mg/kg of Tracrium, mean 
arterial pressure increased in 2.8% and decreased in 2.1% of patients while the heart rate increased in 2.8% 
of these patients. At doses of = 0.60 mg/kg, 14.3% of the studied patients had a decrease in mean arterial 
pressure while 4.8% had an increase in heart rate. At doses < 0.30 mg/kg, mean arterial pressure increased 
in 1.9% and decreased in 1.1% of patients, while heart rate increased in 1.6% and decreased in 0.8% of these 
patients. Observed in Clinical Practice: Based on clinical experience in the U.S. and the United Kingdom of 
approximately 3 million patients given Tracrium the following adverse reactions are among the most frequently 
reported: General: allergic reactions (anaphylactic or anaphylactoid) which, in rare instances, were severe (€.9., 
cardiac arrest); Musculoskeletal: inadequate, prolonged block; Cardiovascular: hypotension, vasodilatation 
(flushing), tachycardia, bradycardia; Respiratory: dyspnea, bronchospasm, laryngospasm, /ntegumentary: rash. 
urticaria, injection site reaction. 


STORAGE: Tracrium Injection should be refrigerated at 2° to 8°C (36° to 46°F) to preserve potency. DO NOT 
FREEZE. Upon removal from refrigeration to room temperature storage conditions (25°C/77°F), use Tracrium 
injection within 14 days even if rerefrigerated 
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PEDIATRIC CARDIAC ANESTHESIOLOGIST 


West Virginia University (WVU) Health Sciences Center, Department of 
Anesthesiology. is recruiting for a pediatric cardiac anesthesiologist. Our 
Department currently has 15 faculty members and sponsors an approved 
residency training program. which has 24 residents. 

Requirements for entry as Assistant Professor include completion of CA 
III or fellowship year, with Board Certification preferred. An outstanding 
teaching opportunity is provided as resident and medical student educa- 
tion represent the primary mission of the Department. Related responsi- 
bilities include clinical anesthesia with a rare opportunity to provide 
anesthesia for complex congenital heart surgery in neonates, like hy- 
poplastic left heart syndrome and arterial switch procedures. The Pedi- 
atric Cardiac Surgery Service performs 180-200 cases per year. Seven 
pediatric cardiologists cover the entire state through outreach clinics. 
Opportunities are available for collaborative research projects with the 
Section of Pediatric Cardiology and the Pediatric Cardiac Surgery Ser- 
vice. 

This position requires selection of the tenure track, with its concerted 
research commitment. Time and start-up monies will both be available to 
support this research. 

WVU is in Morgantown, West Virginia, approximately 75 miles south of 
Pittsburgh on major interstate highways. The area, providing abundant 
recreation for all seasons. is situated in the scenic Allegheny Highlands 
region. 

Clinical services are provided at the Ruby Memorial Hospital, a tertiary 
care center which opened in July, 1988. This $87 million, 376-bed facility 
features 12 operating roms, all with state-of-the-art equipment. 

As evidence of tremendous institutional growth is the new $25 million 
Physician Office Center. which houses the largest multi-specialty group 
practice in the State: the new Cancer Center, which is the State's only 
NCI-designated cancer research center: Chestnut Ridge Hospital. a 
70-bed psychiatric hospital for comprehensive inpatient and outpatient 
care; and a 60-bed rehabilitation hospital. now under construction. 
WVU is an Equal Opportunity/Affirmative Action Institution. 


For additional information contact: Edward Stullken, M.D.. Chairman, 
Department of Anesthesiology, WVU Health Sciences Center, Morgan- 
town, WV 26506. Telephone: (304) 293-5411. 
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_ Pediatric 
= Anesthesiologist 


Pediatric Anesthesiologist (BC/BE) is 
needed for a large university practice. 
Experience in all types of pediatric 

$ anesthesia required. Interest in research 
a = and teaching highly desirable. Present 
zame staff of 25 MDs, over 40 CRNAs and over 
gece’ 20 residents provides challenging anes- 
"228 thesia care team setting. OR area contains 
=== state-of-the-art equipment in 20 new or 
= renovated suites. 






















= Albany Medical Center, a 674-bed tertiary 
$= care teaching center is centrally located in 
# beautiful upstate New York. The area 
offers a wealth of recreational, cultural 
and educational opportunities. 


= Interested applicants should send 

=== resume to: Dr. Philip Lumb, Professor 

ee and Chairman, Albany 

>» Medical College, Department 

7% of Anesthesiology A-131, New 
5 Scotland Avenue, Albany, NY 

$ 12208. 
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ALBANY MEDICAL CENTER 


FELLOWSHIP IN LIVER TRANSPLANTATION 
ANESTHESIA 


The Department of Anesthesiology and Critical Care 
Medicine of the University of Pittsburgh School of Med- 
icine is offering a 6- or 12-month fellowship in anesthesia 
for liver transplantation, including pediatric transplanta- 
tion. The position is open to anesthesiologists who have 
completed approved training programs and to anesthesi- 
ology residents at the CA-3 level. At the University of 
Pittsburgh Medical Center about 500 adult liver trans- 
plants and 75 pediatric transplants are performed per 
year. The fellowship is supervised by specialists in liver 
transplantation. The program can be tailored to the 
individual goals of the applicant and provides experience 
with state-of-the-art management and monitoring tech- 
niques. The fellow may also participate in anesthesia for 
donor organ procurement, postoperative care in the 
intensive care unit, and research. 


To receive an application form, send a curriculum vitae 
to: 


Yoogoo Kang, M.D. 

Associate Professor 

Department of Anesthesiology/CCM 
University of Pittsburgh School of Medicine 
1385 Scaife Hall 

Pittsburgh, PA 15261 

(412) 647-6466 
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For a confident course 
of anesthesia 


e Better hemodynamic stability 
than with thiopental’ 


¢ Smooth induction’ 
¢ Smooth emergence’ 


e Significant anterograde 
amnesia*” 


Dosing Considerations 


As a standard precaution, prior to I.V. administration of 
VERSED (midazolam HCl/Roche) in any dose, oxygen and 
resuscitative equipment should be immediately available. 
VERSED should be used as an induction agent only by 
persons trained in anesthesiology and familiar with all 
dosing and administration guidelines. Reduce dosage in 
elderly or debilitated, in patients receiving narcotic pre- 
medication, and in those with limited pulmonary reserve. 


Please see summary of product information on adjacent page. 
Copyright © 1990 by Hoffmann-La Roche Inc. All rights reserved. 


INJECTABLE 


VERSED 


midazolamHl/Rocne @ 


INSTEAD 


Injectable VERSED is available in 1 mg/mL and 5 mg/mL strengths. 


References: 1. Roche Scientific Summary. The Evaluation of VERSED” (brand of 
midazolam HCI/Roche) € , Roche Laboratories, a division of Hoffmann-La Roche Inc., 
Nutley, New Jersey, 1986. 2 White PF , 1982:57:279-284. 3. Data on fle 
(Abs. #069-005), Hoffmann-La Roche inc., Nutley, New Jersey. 





VERSED* 
(brand of midazolam HCl/Roche) (Vv 
INJECTION 


Before preecribing, please consult complete product Information, a summary 
of which follows: 








Intravenous VERSED has besn associated with respiratory depression and respi- 
ratory arrest, especially when used for conscious sedation. In some cases, where 






Ing 
continuous monitoring of respiratory and cardiac function. Immediate availability of 
resuecitative drugs and equipment and personne! trained In their use shouid 
be assured. (See WARNINGS.) 
The initial intravenous dose for conscious sedation may be as Hie as 1 mg, but 
should not exceed 2.5 mg in a normal healthy aduk. Lower doses are necessary for 
oldar (over 60 yoars) or debilitated patients and In concomitant 
narcotics or other CNS depressants. The initia! dose and all subsequent doses, 
should never be given as a bolus; administer over at least 2 minutes and allow an 
additional 2 or more minutes to fully evaluate the sedative effect. The use of the 
Tmg/mL. formulation or dilution of the 1mg/mlL. or 5 mg/mL formulation ts 
recommended to facilitate slower injection. Consult complete product Infor- 
mation uncer DOSAGE AND ADMINISTRATION for complete dosing information. 


ONS: Patlents with known hypersensitivity to the drug. Benzo- 












knmediately. Vital signs should continue to be monitored during the recovery period. 

Because [V VERSED depresses respiration, and opioid agonists and other sedatives 

can add to this depression, it should be administered as an induction agent only by a 

person trained In genera] anesthesia and should be used for conscious sedation only in 

the presence of personne! skilled In early detection of underventitation, maintaining a 
not 


depression, apnea, respiratory arrest and/or cardiac 
arrest, sometimes resulting in death. There have been rare reports of hypotensive epi- 
sodes raquiring treatment during or after diagnostic or surgical manipulations in 
patients who have received VERSED. ee 


administration: however, the possibility of cerebral hypoxia or true 
should be considered. Should these actions occur, response to each dose of 
VERSED and ail other drugs should be evaluated before proceeding. 
Concomitant use of barbiturates, alcoho! or other CNS depressants may increase the 
risk of uncderventiation or apnea and may contribute to profound and/or prolonged 
Be: Pred ian nae Gere eece DE nny epee to raon 
cds risk surgical, eiderty or debiltated patients require lower dosages for Induction 
of anesthesia, [cated or not. Patiente with chronic obstructive pulmonary 
disease are unusually sensitive to the respiratory depressant effect of VERSED. Patients 
with chronic renal failure and patients with congestive heart failure eliminate midazolam 
more slowly. Because elderty patients frequently have inefficient function of one or more 
organ systems, and because dosage requirements have been shown to decrease with 
ia inital dosage and consider possibility of a profound and/or prolonged 


Do net administer in shock, coma, acute alcohol intoxication with depression of vital 
signs. Particular care shouid be exercised in the use of V VERSED in patients with 
uncompensated acute iinesses, such as severe fiuki or alectrotyte disturbances. 
Guard against unintended Intra-artertal Infection: hazards In humans unknown. Avoid 


Gross tests of recovery from the effects of VERSED cannot alone predict reaction time 
under stress. This drug is never used alone during anesthesia, and the contribution of 
other perioperative drugs and events can vary. The decision as to when patients may 
engage in activities requiring mental alertness must be individualized; h ptn A 
eg ee a ae unti 
the effects of the drug, such as drowsiness, have subsided or until the day after anes- 


whichever fs 
Usage ln Pregnancy: An Increased risk of ons associated 
with the use of benzod dlaveparm and chi ) has been 
in several studies. If VERSED Is used during pregnancy, apprise the 
of the potential hazard to the fetus. 
PRECAUTIONS: General: Decrease Intravenous doses In elderty and debilitated 


patients. These patients will also probably take longer to recover completely after 
VERSED for induction of anesthesia. 

VERSED does not protect against increased intracrantal pressure or againet the heart 
rate rise and/or blood pressure rise associated with endotracheal Intubation under 
light general anesthesia. 

information for patents: Communicate the following information and instructions to the 
patiert when appropriate: 1. inform your physician about any alcohol consumption and 
medicine you are now taking, including nonprescription drugs. Alcohol has an 
increased effect when consumed with benzodiazepines; therefore, caution should be 
exercised regarding simultaneous ingestion of ascoho! and benzodiazepines. 2. inform 
your physician H you are pregnant or are planning to become pregnant 3. Inform your 
physician if you are nursing. 

Drug interactions: The sedative effect of IV VERSED Is accentuated by premedication, 


VERSED* (brand of midazolam HCI/Roche) INJECTION 


narcotics (e.g. morphine, meperidine, fentanyl) and also secobarbital and 
droperidol). Consequently, adjust the dosage according to 
type amount of premedication. 
oe eee eee NE 
use of IM for premedication 
D deora tha mian am alveolar coca mralsad NAA 
halothane required for general anesthesia. This decrease correlates with the dose of 
VERSED administered 
Although the possiblity of minor interactive effects has not been fully studied, VERSED 
and pancuronium have been used together In patients without noting clinically signifi- 
cant changes in dosage, onset or duration. VERSED does not protec: against the 
characteristic circulatory changes noted after administration of succinyichallne or 
pancuronium, or against the increased intracranial pressure noted following adminis- 
ee ee 
ee ee 
ee ee ee iC a a 


roxyzine, Hubocu 
relaxants) or topical loca! anesthetics (including lidocaine, dycionine HC and 
Cetacaine) have been observed. 
Drugiiaboratory test interactions: Midazolam has not been shown to interfere with 
clinical laboratory test results. 


, Mutagenesis, imoairnent of fertiity: Midazolam maleate was 
administered to mice and rats for two years. At the highest dose {80 mg/kg/day) female 
mice had a marked increase In Incidence of hepatic tumors and male rats had a smal 
but significant Increase In benign thyroid follicular cell tumors. These tumors were found 
after chronic use, whereas human use will ordinarily be of single or several doses. 
Midazolam did not have mutagenic activity in tests that were conducted. 

A reproduction study in rats did not show any impalrment of fertility at up to ten times 
the hurnan IV dose. 

Pregnancy: Teratogenic effects: Pregnancy Category D. See WARNINGS section. 
Midazolam maleate injectable, at 6 and 10 times the human dogs, did not show evi- 
phe babar E 


of pragnancy have resulted in ngonatal CNS depression, VERSED Is not recommended 
for obstetrical use. 
Asda k badan it Is not known whether midazolam is excreted In human milk 

many drugs are excreted in human milk, caution should be exercised when 
Fab VERSED aeaeaie inate conn 
Pediatric use: Safety and effectiveness in children below the age of 18 have not 


decreased 

and 10,8% of patients folowing IM administration) and apnea (15.4% of patients 

following V administration), as weil as varlations in blood pressure and pulse rate. 

Following IM injection: headache (1. Shee er at ab paln (3.7%), induration 

(0.5%), redness (0.5%), muscie stiffness (0.3%). Following IV administration: 

(3.9%), nausea (2.8%), vomiting (2.6%), coughing (1.3%), “oversedation” (1.6%), head- 

ache (1.5%), drowsiness (1.2%): local effects at the IY site: tendamess (5.6%), pain 

during Injection (5.096), redness (2.6%), induration (1.7%), phiebitis (0.4%). Other 

effects (< 1%) mainty following N administration: : Laryngospasm, bron 
dyspnea, hyperventilation, wheezing 


phala, slurred speech, dysphonia, paresthesia. Soecta/ $ 
nystagmus, pinpoint pupils, cyce movernents of eyelids, visual disturbance, difficulty 
focusing eyes, ears blocksd, loss of balanca, lightheadedness. Integumentary: Hives, 
hive-fke elevation at injection site, sweding or feeling of buming, warmth or coldness at 
Injection site, rash, pruritus. Miscefaneous: Yawning, lethargy, chills, weakness, tooth- 
acha, faint feeling, hematoma. 

Drug Abuse and Dependence: Available data conceaming the drug abuse and 
dependence potential of midazolam suggest that its abuse potential is at least equiva- 
lent to that of dlazapam. 

OVERDOSAGE: Manifestations would resemble those observed with other benzo- 
diazepines (e.¢., sedation, somnolence, confusion, Impaired ccordination, diminished 
refiexes, coma, untoward effects on vital signa). No specific organ toxicity would be 


DOSAGE AND ADMINISTRATION: : VERSED Is a potent sedative 


agent which 
eshte lela Se eo ee 
has shown VERSED to be 3 to 4 times Ap eof aea art 
SERIOUS AND LIFE-THREATENING Cy 
HAVE BEEN REPORTED, PROVISION DETECTION AND COR- 


i FOR MONITORING, 
RECTION OF THESE REACTIONS MUST BE MADE FOR EVERY PATIENT TO 
WHOM VERSED INJECTION IS ADMINISTERED, REGARDLESS OF AGE OR 


thon may. result in resptratory and/or arrest. (See WARNINGS.) Prior to 
use refer to the DOSAGE AND ATION section In the 
product . 
P.I 0988 
Roche Laboratories 
a division of Hoffmenn-La Roche Ine. 
340 Kingsland 


gland Street 
Nutley New Jersey 07110-1199 
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Low-Dose Almitrine Bismesylate Enhances Hypoxic Pulmonary 
Vasoconstriction in Closed-Chest Dogs 


Linda Chen, MD, Francis L. Miller, MD, PhD, William R. Clarke, MD, 
Francois X. Clergue, MD, Carol Marshall, Php, and Bryan E. Marshall, MD, FRCP 


CHEN L, MILLER FL, CLARKE WR, CLERGUE FX, 
MARSHALL C, MARSHALL BE. Low-dose almitrine 
bismesylate enhances hypoxic pulmonary vasoconstriction 
in closed-chest dogs. Anesth Analg 1990;71:475-83. 


The effect of almitrine bismesylate on the hypoxic pulmo- 
nary vasoconsirictor response was studied in six closed- 
chest dogs anesthetized with pentobarbital and paralyzed 
with pancuronium. The right lung was ventilated contin- 
uously with 100% QO,; the left lung was ventilated either 
with 100% O, (“hyperoxia”) or with an hypoxic gas 
mixture (“hypoxia’’: end-tidal oxygen tension = 60.3 + 
0.6 mm Hg). On two consecutive days, each dog received 
either almitrine (Vectarion, Servier Lab) or malic acid. 
Consecutive almitrine doses of 0.003, 0.03, 0.3, and 3.0 
ugkg~*-min™", or the equivalent volumes of malic acid 
without almitrine, were administered intravenously as a 
constant peripheral infusion for 15 min. Percent blood flow 


Almitrine bismesylate, a peripheral chemoreceptor 
agonist (1,2), improves arterial oxygen tension and 
reduces arterial carbon dioxide tension in patients 
with chronic respiratory failure associated with ob- 
structive pulmonary disease. It has been proposed 
that this improvement in gas exchange is due to 
enhancement of hypoxic pulmonary vasoconstriction 
(HPV) (3,4). However, there is increasing evidence 
that the effects of almitrine are dose-dependent (5-7) 
because a low dose, it has been suggested, enhances 
the HPV response (8) whereas a moderate dose (9) 
has no effect on the HPV response and a high dose 
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to each lung was calculated based on a variation of the 
traditional shunt equation. The change in percent left lung 
blood flow (A%Qut-va) increased significantly between the 
hypoxia-no drug and the hypoxia-almitrine (3.0 ug-kg~’: 
min") phase. No significant changes occurred during the 
other almitrine doses or the respective malic acid control 
phases. The change in arterial oxygen tension (APao,) also 
increased significantly between the hypoxia-no drug and the 
hypoxia-almitrine (3.0 ug-kg~*-min~*) phase. No signifi- 
cant changes occurred during the other almitrine doses or 
the respective malic acid control phases. It is concluded that 
in dogs low-dose almitrine enhances hypoxic pulmonary 
vasoconstriction and that this ennancement is dose-related. 


Key Words: PHARMACOLOGY, ALMITRINE. 
RECEPTORS, coemo—almitrine. LUNG, 
OBSTRUCTIVE PULMONARY DISEASE—almitrine. 


(10) inhibits the HPV response. The present study 
examined in closed-chest dogs this controversial 
dose-dependent effect with the hypothesis that low- 
dose almitrine enhances HPV. 


Methods 
Anesthesia and Surgery 


Six female dogs of mixed breed with a mean weight of 
19.9 + 0.7 kg were anesthetized with a bolus of 
30-mg/kg intravenous pentobarbital (Abbott Labora- 
tories) followed by an infusion at 0.4-2.0 mg/min 
(Harvard Infusion Pump model 902). Because each 
dog was to be used as its own control on two 
consecutive days, direct laryngoscopy for tracheal 
intubation was performed rather than tracheostomy. 
With a Miller No. 3 blade, the trachea was intubated 
with a 39F bifurcated canine Kottmeier double-lumen 
endobronchial tube (Risch) using a Foerster 9.5-in 
curved sponge holding forcep with smooth jaws 
(Roboz Surgical Instrument Co.). Mechanical ventila- 
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tion was begun. Muscle paralysis was established 
with 0.05-mg/kg intravenous pancuronium (Orga- 
non) supplemented by 0.2-0.5 mg every 30 min. 

Complete lung isolation was verified by ausculta- 
tion and demonstration that cross-contamination did 
not occur when the left lung was ventilated with an 
hypoxic gas mixture. A percent venous admixture of 
less than 8% during 100% oxygen (O,) ventilation 
was used to confirm normal lung function and par- 
ticularly that the right upper lobe bronchus was not 
obstructed by the double-lumen tube. The lungs were 
ventilated synchronously with 100% O, via a dual- 
piston respirator (Harvard Apparatus Respiration 
Pump model 618) with 5 cm H,O of positive end- 
expiratory pressure applied by water seal. Tidal vol- 
umes were selected to produce equal peak airway 
pressures of 15-20 cm H,O. Inspired carbon dioxide 
(CO,) and/or the respiratory rate were adjusted to 
keep both the right and left end-tidal CO, tension 
(Pco,) approximately equal and close to 35-40 mm 
Hg throughout the whole study. Each piston of the 
Harvard ventilator was part of a separate gas circuit, 
with its gas composition adjusted using separate flow 
meters for the right and left lung. Mixed expired 
gases were collected by passing the expired gas 
through a mixing unit (11). Right and left lung 
inspired, end-tidal, and mixed-expired O, tension 
(Po.) and Pco, were measured by a mass spectrom- 
eter (Perkin-Elmer model 1100 Medical Gas Analyz- 
er), which was calibrated daily with gases of known 
composition and corrected for barometric pressure, 
temperature, and water vapor. 

Peripheral veins were cannulated for intravenous 
fluid administration to maintain euvolemia (278.9 + 
27.7 mL/h Normosol and/or 0.9% saline) and for 
infusion of almitrine. Body temperature, measured 
by an esophageal temperature probe, was maintained 
at 37.9 + 0.3°C with heating lamps, pads, and heated 
humidifier. Sodium bicarbonate was available to cor- 
rect metabolic acidosis. Urine was collected from a 
Foley catheter. 

Based on observations from previous studies in 
our laboratory using a similar model, we observed 
that an infusion of 14.3 ug-kg~’-min™’ of almitrine 
inhibited HPV (10), but that an infusion of 3.0 
ug-ke~’-min7? of almitrine had no effect on HPV (9). 
Therefore, for the present study, a dose-response 
relationship was investigated. Consecutive almitrine 
doses of 0.003, 0.03, 0.3, 3.0 wg-kg~*+min*! or the 
equivalent volumes of malic acid without almitrine 
were administered via a constant peripheral intrave- 
nous infusion (Harvard Infusion Pump model 600- 
910/920). 

Arterial pressure (via femoral artery) and central 
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venous pressure (via an external jugular vein) were 
measured. Pulmonary arterial and pulmonary arterial 
occlusion pressures were measured with a flow- 
directed Swan-—Ganz catheter (American Edwards 
93A-131H-7F) placed percutaneously via a femoral 
vein. Pressures were measured continuously on an 
eight-channel Grass polygraph (model 7WCI16PA). 
The zero pressure for the transducers (Statham model 
P23BB and Gould-Statham model P23Db) were set at 
midchest level. Thermodilution measurements of car- 
diac output (Edwards cardiac output computer model 
9510-A) were made in triplicate using an injection of 
5 mL of ice-cold 5% dextrose in water. 

Blood flow to each lung was measured with a 
differential CO, elimination (Vco,) method (10,12, 
13). For each lung the expired gas was directed 
through a turbine spirometer with a digital electronic 
output (Boehringer Labs model 8830). Inspired, end- 
tidal, and mixed-expired CO, concentrations were 
measured using a mass spectrometer. Carbon dioxide 
production was calculated continuously from the 
expired volume signals and from the difference be- 
tween the inspired and mixed-expired CO, concen- 
tration. The percent left lung blood flow (%Qt-vco,) 
was calculated as the CO, excretion from one lung 
divided by the total CO, excretion from both lungs, 
the quantity times 100. The calculation was as fol- 
lows: 


%OQL-VCO> = 


(PECO>-L — PiCO5-L)(VT-Li 


ct a S 100 
(PECO3-L — PICO>-L)(VT-L) + (PECO2-R ~ PICO5-R)(VT-R) 


with the mixed expired CO, tension for the left lung 
(PEco,-L) and the right lung (PEco.-R), and with the 
tidal volume for the left lung (VT-L) and right lung 
(Vr-R). The excretion was corrected for the Haldane 
effect when one lung was ventilated with a hypoxic 
gas mixture (14). 


Study Design 


Before the experimental sequence, three 15-min trials 
of hypoxic (~4% O, 5% COs, balance nitrogen [N)]) 
ventilation to the left lung were alternated with 100% 
O, ventilation to determine the presence of stable 
reproducible pulmonary blood flow and pressure 
responses to hypoxia (15). 

On two consecutive days, each dog was random- 
ized initially to receive either almitrine (Vectarion, 
Servier Lab) or malic acid. On each day the study was 
divided into six phases. The six phases were 100% 
O; hypoxia; and hypoxia with one of four doses of 
either almitrine or malic acid. Almitrine (15 mg) was 
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dissolved in its solvent malic acid (5 mL) and then 
diluted with 0.9% saline solution (Abbott Laborato- 
ries). Consecutive almitrine doses of 0.003, 0.03, 0.3, 
and 3.0 ug-kg~*-min™ or the equivalent volumes of 
malic acid without almitrine were administered intra- 
venously for 15 min. Measurements then required 
another 10-15 min for each phase. 

The right lung was ventilated continuously with 
100% O the left lung was ventilated either with 
100% O, (hyperoxia) or with an hypoxic gas mixture 
(hypoxia). With a flow meter (Matheson model 
7481T, series R7400) to control inspired O,, CO,, and 
N, the left Jung end-tidal Po, during hypoxia was 
maintained at 60.3 + 0.6 mm Hg; this was chosen to 
yield an O, tension at the sensor site for HPV (Pso.) 
that would produce a detectable but not maximal 
HPV response (16). 


Measurements 


At each phase, the following measurements were 
made: peak and mean airway pressure (Paw), pulmo- 
nary artery pressure (PAP), systemic arterial pressure 
(SAP), central venous pressure (CVP), pulmonary 
artery occlusion pressure (PAOP), total cardiac out- 
put (Qr); body temperature; and inspired, end-tidal, 
and mixed expired O, and CO, concentration of each 
lung by mass spectrometer. Arterial and mixed 
venous blood samples were collected to determine 
pH, Po, Pco, (Corning pH/Blood Gas Analyzer 
model 168), and hemoglobin concentration (Sigma 
Kit No. 525). Right and left tidal volume (Vr), respi- 
ratory rate (RR), and minute ventilation (VE) were 
recorded. 


Calculations 


From the recorded data, blood flow, vascular resis- 
tance, and the percent blood flow to the left lung 
were calculated. 

Pulmonary perfusion pressure (PPP) in mm Hg 
was calculated as mean PAP minus mean PAOP. 
Left and right pulmonary vascular resistances 
(dyn-cm~°-s) were calculated from the perfusion 
pressure in mm Hg (x 80) divided by the respective 
lung blood flow in L/min. 

Alveolar O, tension (PAo) for the right lung 
ventilated with 100% O, was calculated from the 
barometric pressure minus the saturated water vapor 
pressure minus the arterial partial pressure of CO, 
(Paco,). The left lung Pao, was estimated from the 
left lung end-tidal Po,. End-capillary O, tension was 
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assumed to be equal to the calculated alveolar O, 
tension. The O, contents (Co,) of end-capillary, arte- 
rial, and mixed venous blood were then calculated 
from the following equation: 


Co, = (1.34 x Hb x %Sat) + (Pog x 0.0031). 


Percent saturation (%Sat), corrected for pH and tem- 
perature, was calculated from a nomogram for canine 
hemoglobin (Hb) (17). 

Percent venous admixture (%VA) was calculated 
(18). Calculation of left lung blood flow was made by 
two methods. The first method, based on different 
CO, excretion of each lung, was described above as 
%Qu-Vco,. The second method for estimation of left 
lung blood flow during the hypoxic periods (%Qt-va) 
was based on a variation of the traditional shunt 
equation that allowed for the difference between 
alveolar O, tension of the hypoxic versus hyperoxic 
lung (19,20) (see Appendix). Two noninvasive meth- 
ods for determining left lung blood flow were used as 
each of these methods has its own set of assump- 
tions. The calculation for the hypoxic stimulus for 
HPV (Pso,) is similar for the in vitro isolated perfused 
rat lung (18,21) and for in vivo dogs (22): 


Pso, = (PV05)° x (Pao)? ™, 


where Pao, was assumed to be equal to the end-tidal 
O, tension (PETO,). 


Statistics 


The data were analyzed by a one-way within-subjects 
analysis of variance (ANOVA) for repeated measure- 
ments with Neuman-Keuls test for specific differ- 
ences. A value of P < 0.05 was considered statistically 
significant. Results are expressed as mean + standard 
error. 


Results 


Because the general experimental conditions for pHa, 
Paco, temperature, hemoglobin, SAP, CVP, PAOP, 
mean airway pressure of the right lung (P.,.r), mean 
airway pressure of the left lung (Paw), tidal volume 
of the right lung (VT-R), tidal volume of the left lung 
(VT-L), minute ventilation cf the right lung (VER), and 
minute ventilation of the left lung (VEL) did not 
change significantly between the 12 phases of the 
study, only the baseline measurements made during 
the 100% O,-no malic acid phase are presented in 
Table 1. 
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Table 1. General Hemodynamic and Blood Gas Values 
During the 100% O,-No Malic Acid Condition (n = 6) 


pHa 7.36 + 0.012 
Paco, (mm Hg) 38.9 + 0.6 
Temp (°C) 37.9 + 0.3 
Hb (g/dL) 12.2 + 1.3 
SAP (mm Hg) 135.5:-£3.2 
CVP (mm Hg) 33 03 
PAOP (mm Hg) 5.9 + 0.8 
Pawg (cm HO) 10.4 + 0.2 
Powe (em H30) 10.1 + 0.1 
VT-R (mL/min) 221 + 13 
VT-L (mL/min) 202 + 12 
Ver (mL/min) 3260 + 154 
VEL (mL/min) 2986 + 165 


pHa, arterial pH; Paco,, arterial carbon dioxide tension; Temp, temper- 
ature; Hb, hemoglobin; SAP, mean systemic arterial pressure; CVP, mean 
central venous pressure; PAOP, mean pulmonary artery occlusion pressure; 
Pawg, Mean airway pressure right lung; Pawi, mean airway pressure left 
lung; VT-R, mean tidal volume right lung; Vr-L, mean tidal volume left lung; 
VER, minute ventilation right lung; and VEL, minute ventilation left lung. 
Values are mean + SE. 


The results with respect to the hypoxic pulmonary 
vasoconstrictor responses are listed in Table 2. Pao, 
decreased significantly between the 100% O, ventila- 
tion phase and the five hypoxic phases for both the 
almitrine and malic acid groups. The change in Pao, 
(APao,) between the hypoxia-no drug phase and the 
hypoxia-almitrine and/or malic acid phases was 
significantly different only for the hypoxia-3.0 
ug-kg~*-min7' almitrine phase (Figure 1). 

The percent left lung blood flow based on the 
traditional shunt equation (%Qt-va) decreased sig- 
nificantly between the hypoxia-no drug phase and 
the hypoxia-3.0 ug-kg~*-min™’ almitrine phase (Fig- 
ure 2). The change in percent left lung blood flow 
(%AQt-vA) between the hypoxia-no drug and the 
hypoxia-almitrine and/or malic acid phases was 
significantly different only for the hypoxia-3.0 
ug:kg~'-min7' almitrine phase (Figure 1). 

The percent left lung blood flow based on differ- 
ential CO, elimination technique (% Qu-vco,) de- 
creased significantly between the 100% O, ventilation 
and the hypoxia phases in both the almitrine and 
malic acid group. However, a further decrease oc- 
curred with administration of 3.0 ug-kg~*-min™* alm- 
itrine, and this phase was significantly different from 
the other 11 phases. 

The mean PAP increased significantly between 
100% O, ventilation and the hypoxia phases in both 
the almitrine and the malic acid group. However, 
there was a further increase in PAP with the admin- 
istration of 3.0 ug-kg~*-min~* almitrine but not with 
malic acid infusion. 

Mean pulmonary vascular resistances in the right 
lung (PVRg) were never significantly different in either 
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the almitrine or the malic acid group. The mean pul- 
monary vascular resistance for the left lung (PVR;) 
increased significantly between hyperoxia and hypoxia. 
However, the PVR, increased even further with the 
administration of the 3.0-4g-kg~*-min~* almitrine 
phase, and this phase was significantly different from 
all other 11 phases. 

Qr increased significantly only between the first 
and sixth phase within the almitrine group, not in the 
malic acid group. There were no other significant 
differences between the two groups. 

During the 3.0-ug-kg~'-min~* almitrine phase, 
mixed venous oxygen tension (PVo,) increased signif- 
icantly above the previous hypoxia-no almitrine 
phase and the hypoxia-0.003 ug-kg~*-min™* alm- 
itrine phase. 

During hypoxia, the end-tidal Po, in the left lung 
(PETO,-L) and the stimulus for HPV (Pso,) were not 
significantly different in either the almitrine or the 
malic acid group. 

There was a tendency for heart rate to increase 
with time from the first to the sixth phases in both the 
almitrine group (148 + 13 to 185 + 12 beats/min) and 
the malic acid group (138 + 15 to 185 + 11 beats/min), 
but only in the malic acid group did this difference 
reach statistical significance. 

Systemic vascular resistance was not significantly 
different between the 100% O.-no almitrine and the 
hypoxia-no almitrine group (3950 + 362 versus 3216 
+ 188 dyn-cm~*:s). However, systemic vascular re- 
sistance during the 100% O,-no almitrine phase was 
significantly greater than it was in the four hypoxia- 
almitrine phases. There were no differences between 
the malic acid phases. 


Discussion 


This study examined a dose-response curve for the 
effect of almitrine on the right and left lungs during 
conditions of 100% O, ventilation and regional hy- 
poxia. A low dose of almitrine was found to enhance 
hypoxic pulmonary vasoconstriction. The two major 
responses of HPV are a decrease in blood flow to the 
hypoxic lung and an increase in PAP, both of which 
occurred in this study. Indirect evidence supporting 
the conclusion that HPV was enhanced can be seen in 
the increases in Pao, and PVR,. 

Although Òr during the hypoxia-3.0 pg-kg™*- 
min”! almitrine phase was increased above the 100% 
O,-no drug phase, and although PVo, increased 
above the hypoxia-no almitrine phase, these variables 
such as heart rate, may have represented a tendency 
to increase with time and perhaps with a change in 
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Table 2. Effects of Dose of Almitrine Bismesylate on Hemodynamic and Blood Gas Variables During Ventilation of the 


Left Lung With 100% O, or a Hypoxic Gas Mixture (n = 6) 








100% 100% 
O, Hypoxia O; Hypoxia 
Almitrine infusion (ug-kg~!-min™*) No No Malic acid infusion (uL-kg~*-min™') 
No No r MAC malic (9°00 == 
alm alm 0.003 0.03 0.3 3.0 acid acid 0.003 0.03 0.3 3.0 
ÒT (L/min) 2.84 3.48 3.56 3,67 3.72 3.88 2.87 3.08 3.14 3.62 3.60 3.67 
+0.20 +0.10 +0.15 +0.19 +0.15 +0.24° +0.27 +0.31 +0.25 +0.22 +0.10 +0.22 
Pao, (mm Hg) 595 289 301 303 312 402 587 341 316 311 343 333 
t4 £25 +2% £25 E3 +33 tL +28 +35 +36. +34 £39 
Po (mm Hg) 60.6 53.9 56.2 58.7 61.1 65.4 61.6 54.6 56.3 58.5 58.2 59.3 
+3.6 +2.1 +1.6 #123 +1.4 #3 4° +3.3 +2.4 +2.3 +1.8 +2.0 +2.1 
PETO,-L 674.0 60.3 60.2 60.2 60.3 60.0 672.0 60.2 60.0 59,8 60.3 59.8 
(mm Hg) +19 +0.67 0:2" +0.37 +0,3" +0.4° +3,9 +03 +0.37 +0.2? +0.2° +0.2? 
Pso, (mm Hg) 57.9 58.6 59.6 60.6 61.8 57.9 58.5 59.3 59.5 59.6 
+1.0 £0.7 +0.6 +0.7 +0,7 +0.9 +0.9 +0.7 +0.7 +0.8 
PAP (mm Hg) 16.0 19.9 20.7 21.1 224 22.6 14.9 18.9 19.6 19.7 20.0 20.6 
+1.2 £1.6" +1.3° +LI +1.0° +12 +1.00 ae A +1.17 +0.74 +1.07 +0.97 
SVR 3950 3216 3018 2990 2875 2730 3865 3667 3656 3062 3037 3033 
(dyn-cm 5.9) +362 +188 #217" +282° +167" =233° +372 +311 +351 +202 +42 +136 
PVR, 559 492 501 479 511 444 472 462 488 432 450 448 
(dyn-cm™*s) +91 +50 +55 +48 +53 +47 +65 +18 +33 +30 +22 +24 
PVR, 674 1030 1135 1229 1398 2259 758 1121 1244 1150 1230 1257 
(dyn-cm~*:s) +67 +92 +139 +175 +169° 43877 +174 +129 +148 +115 +144 +133 
PVA 5.43 5.82 
+0.70 +0.72 
PÒL-VA 21.33 19.91 19.37 18.25 11.50 16.63 18.21 18.66 15.75 15.79 
+£1.6 +1.93 +2.09 +2.78 +2.01° +1.19 +1.83 +1.99 +1.82 +1.86 
%OQL-VCO, 44.7 32.3 30.9 28.9 27.3 18.0 39.9 28.4 29.2 28.0 27.6 27.1 
+25 +1.37 42.34 ELS 2y BIOPO CE7 £2.2 +2.87 ELS +24? 2.6" 





"Significant difference from 100% O,-no drug value (P < 0.05). 
’Significant difference from hypoxia-no almitrine (alm) value (P < 0.05). 
‘Significant difference from all other values (P < 0.05). 


the depth of anesthesia. These changes do not affect 
the interpretation of the results in that the stimulus 
for HPV (Pso,), which is related to both Pao, and the 
Pvo2, was essentially the same in all 10 hypoxia phases 
(Table 1). Also, PAP increased while %Q.L-vco, de- 
creased for an overall enhancement of HPV. 

Almitrine infusion at 3.0 wg-kg~'-min7' was effec- 
tive in increasing APao, compared with the hy- 
poxia-no almitrine phases. The increase in Qr re- 
sulted in an increase in PVo, thereby contributing to 
the improvement in Pao,, but the reduction in 
%QL-va suggests that almitrine improved the APao, 
through a direct action on pulmonary gas exchange. 

An increase in Qr might be expected to increase 
PAP and to decrease PVR and HPV; however, in fact, 
the PVR did not decrease but increased significantly, 
suggesting that the increase in PAP was not due to 
the increased Qr alone but to pulmonary vasocon- 
striction as well. 

The solvent for almitrine, malic acid, has no effect 
on HPV (23,24). Also, malic acid is a normal constit- 
uent of blood (mean, 0.5 mg/100 mL; range, 0.1-0.9 


mg/100 mL) (25,26). In the present study, malic acid 
again had no effect on the HPV response. 

Redistribution of ventilation related to volume and 
pattern of breathing in the absence of significant 
changes in VE has been suggested as a cause for the 
improved gas exchange with 100 mg oral almitrine in 
awake patients with chronic obstructive pulmonary 
disease (COPD) (27). In the anesthetized, paralyzed, 
mechanically ventilated animals used in this study, 
these types of changes are probably not a major 
contributing factor. 

Another explanation for the observed APao, is an 
improved Va/Q matching attained through a redistri- 
bution of a portion of pulmonary blood flow. Using 
the multiple inert gas elimination technique, an im- 
proved Va/Q distribution has been observed in pa- 
tients with COPD after 1.5 mg/kg oral almitrine (28) 
or 100 mg oral almitrine (3). Isotope studies before 
and after oral almitrine (either 1.5 or 3 mg/kg) in 
patients with COPD in the seated position (29) 
showed redistribution of blood flow from dependent 
lung regions to the better ventilated upper parts of 
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the lungs with concomitant reduction of Va/Q in- 
equalities and improvement in blood gas tensions. In 
a double-blind randomized study in 16 patients with 
COPD (30), comparison of placebo versus oral alm- 
itrine (3 mg/kg) showed that almitrine significantly 
increased Pao,, decreased Paco, and decreased the 
alveolar-arterial O, gradient without a significant 
change in ventilation; a ventilation lung scan and 
then a perfusion scan using krypton 81m showed a 
narrowing of the ValQ distribution with a decrease in 
both high and low Va/Q zones; a significant but slight 
increase in mean PAP was also found. 

The mechanism for the observed redistribution of 
pulmonary blood flow was initially attributed to 
enhancement of hypoxic pulmonary vasoconstriction 
by almitrine (4). Other animal evidence indicated that 
the pulmonary vasoconstriction induced by almitrine 
is present both in the hypoxic and hyperoxic areas 
(24). In humans, an increase in resting mean PAP has 
been reported by several different authors. Intrave- 
nous almitrine induced pulmonary vasoconstriction 
in both normal (31) and diseased (32) lungs. Macnee 
et al. (33), who administered 100 mg oral almitrine as 
one dose or 50 mg almitrine twice a day for a period 
of 3 mo, cautioned that this increase in PAP might 






CHEN ET AL. 


Figure 1. Relationship between the rate of in- 
fusion of almitrine or malic acid and both the 
change in percent left lung blood flow 


* (A%Qu-va) and the change in arterial oxygen 


tension (APao,). The A%QL-va and the APao, 
between the hypoxia-no drug and the hypoxia 
almitrine and/or malic acid phase were signif- 
icantly different for 3.0 wg-kg™'-min™! alm- 
itrine (P < 0.05). Almitrine (open circle); malic 
acid (open square). 


NA OOO aetna 
3.0 ALMITRINE 


(ug kg min") 


LO MALIC ACID 


SOLVENT 
(ui kge min”) 


worsen cor pulmonale in patients with COPD. In 
contrast, a double-blind placebo-controlled trial in 
patients with COPD showed no effect of oral alm- 
itrine (100 mg daily) on PAP over a 6-mo period (34); 
this has also been confirmed by others (28,35). Our 
previous results in dogs demonstrated that at suffi- 
cient dosage, almitrine may be a nonspecific pulmo- 
nary vasoconstrictor. 

The results of the present study differ from two 
previous studies conducted in this laboratory using a 
slightly different study design. In the present study, 
smaller doses and shorter infusion durations were 
used; the four doses of almitrine and/or malic acid 
were infused for 15 min and then during the mea- 
surements, which required another 10-15 min for 
each phase. In the first study (9), the left lung 
end-tidal oxygen tension (PETO,-L) during. hypoxia 
was 29.0 + 0.5 mm Hg, and a “moderate” dose of 3.3 
pe-kg~*-min™* almitrine was infused for 30 min and 
then continuously while measurements were made 
for four phases, each of which required 30-40 min. 
This infusion rate was the same as that suggested by 
Romaldini et al. (4), who reported that almitrine 
enhanced HPV in a canine model of global hypoxia. 
In our study, almitrine, at a final plasma concentra- 


i 
LOW-DOSE ALMITRINE BISMESYLATE IN CLOSED-CHEST DOGS 


- individuals 
æ mean +t SE 





< 
> 
onal 
oc 
3s 
ALMITRINE 
N H HA.003 HA.03 HA3 HA3 
Dose 
++ individuals 
< mean + SE 
< 
> 
l 
(s) 
xe 


MALIC ACID 





HM.003 HM.03 HM3 HMB 
Dose 


N H 


Figure 2. Relationship between dose of almitrine or malic acid and 
the percent left lung blood flow based on the traditional shunt 
equation (%Qt-va). The difference in %QuL-va values between the 
hypoxia-no drug and the hypoxia-almitrine or hypoxia-malic acid 
phases was significantly different only for the 3.0 ug-kg™!-min™’ 
almitrine phase (P < 0.05). Each individual animal (open square); 
mean + SE (filled square); hyperoxia (N); hypoxia (H); almitrine 
infusion (A; wg-kg~':min7!); malic acid infusion (M; wL-kg’: 
min` ^). 


tion of 52.9 + 4.4 ng/mL, had no effect on the HPV 
response. Consequently, a, second study (10) was 
undertaken in which the study design was similar 
except that the almitrine infusion was increased to a 
“high” dose (14.3 ug-kg™'-min™'), which yielded a 
final plasma almitrine concentration of 219.5 + 26.4 
ng/mL. The Pero,- (50.1 + 0.1 mm Hg) was in- 
creased to decrease the stimulus for HPV. This study 
showed that high-dose almitrine acted as a nonspe- 
cific pulmonary vasoconstrictor with its greatest effect 
on the vessels with the least initial tone. 

Several animal studies as well as clinical studies 
have suggested that a revised dosage schedule may 
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be required. Nakanishi et al. (8) studied open-chest 
beagles using electromagnetic flow probes to mea- 
sure left lower lobe blood flow. The rest of the lung 
was ventilated with 100% O, and the left lower lobe 
with 95% N.-5% CO,. Then almitrine (0.3, 1,3, and 5 
ug-ke~*-min~') was infused for 10 min before and for 
10 min during hypoxia. Flow diversion increased 
significantly up to 3 ug-kg~'-min™' before decreasing 
at 5 wg-kg~?-min~*. From this study, Nakanishi et al. 
(8) suggest that HPV is enhanced by the low doses of 
almitrine and attenuated by the high dose of alm- 
itrine, which is consistent with the findings in our 
studies. 

Reyes et al. (36) found that the intravenous infu- 
sion of 0.5 mg/kg almitrine in 30 min in patients with 
severe acute respiratory failure caused by sepsis or 
shock was accompanied by a substantial improve- 
ment in Pao, at 15 and 30 min, and a smaller but still 
significant improvement at 30, 60, 90, and 120 min 
after the end of the infusion. The authors suggested 
that different dosage schedules would be needed to 
attain longer lasting action of the drug on Pao,. 

Bell et al. (37) studied oral almitrine (100 or 50 mg 
twice a day) in 67 patients with COPD in a placebo- 
controlled double-blind study. Pao, increased signif- 
icantly in both the 100- and 50-mg dose groups, but 
the increase was nearly twice as high in the high-dose 
group, suggesting a dose-related effect. Paco, de- 
creased significantly in the 100-mg group but not the 
50-mg group. The major side effect was an unex- 
plained worsening of dyspnea, which has been re- 
ported previously (38,39). 

A possible explanation for this biphasic dose re- 
sponse is that in lung regions that are partially 
vasoconstricted, a low dose of almitrine increases the 
amount of vasoconstriction in these areas so that 
HPV is enhanced. As the dose of almitrine is in- 
creased, nonspecific vasoconstriction occurs in the 
nonhypoxic lung regions so that no effect on HPV is 
detected. When the almitrine dose is high, vasocon- 
striction of the hyperoxic lung regions occurs so that 
blood flow is diverted back into the hypoxic lung and 
HPV is diminished. This suggests that when used 
clinically, almitrine may be useful only in a very 
narrow dose range. 

In summary, the present study shows that a prop- 
erly low dose of almitrine can enhance hypoxic pul- 
monary vasoconstriction. Very low doses had no 
effect on the HPV response, but 15-min infusion at 
3.0 ng-kg~'-min~' resulted in specific vasoconstric- 
tion in the hypoxic lung and had no effect in the 
hyperoxic lung. From this study and others it has 
been determined that there is a biphasic dose- 
response curve where low doses enhance HPV, that 
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moderate doses have no effect, and that very large 
doses inhibit HPV. Administration of almitrine to 
patients with COPD can be expected to improve 
oxygenation by enhancement of HPV in a very nar- 
row dose range, a range that will have to be deter- 
mined very carefully in each patient to define the 
proper dosage schedule for oral administration of 
almitrine. 


The authors thank Johnathan Reed, BS, MS, for his technical 
assistance and Iris R. Karafin for preparation of the manuscript. 


Appendix 


Derivation of Hypoxic Shunt Equation (Reference 19) 
Systemic arterial blood flow (Qt) consists of three components: 
mixed venous blood flow not perfusing ventilated alveoli within 
either lung (Qs), blood flow perfusing the hypoxic left lung (Ñn), 
and blood flow perfusing the hyperoxic right lung (Qt — Qs — 
Qu). 

Therefore, by mass balance, the total (bound and dissolved) O, 
in the blood flow through the lung is 


Qu x CHO, + Qs x C¥o5 


+ (Qr- 


QT x Cao» = 


Qs ~ Qu) x Cĉo>, (1) 
and, rearranging, 


QH/QT = [(Cé02 ~ Cag) — (Qs/Qr) 


(Cé0z — Cvoz)] (Ceo, — CHO). (2) 
Assuming that the anatomic shunt flow (Qs/Qr) measured during 
hyperoxia remains constant during corresponding hypoxic phases, 


then this equation is solvable. The final calculated admixture is 
VA = OH/QOT + Qs/Qrt, (3) 


where an estimate of left lung blood flow is Qx/Qt, which 
multiplied by 100 is also designated (%Qt-va); this approximation 
consists of only the blood flow to ventilated lung regions. 

These equations assume: (a) that the total anatomic shunt flow 
(Qs/Qr) measured during 100% O, ventilation remains unchanged 
during hypoxic ventilation for corresponding experimental condi- 
tions; and (b) that the apportionment of anatomic shunt flow 
whether to the right lung or the left lung also remains unchanged 
during hypoxic ventilation. The errors associated with these as- 
sumptions regarding the anatomic shunt flow during 100% O, 
ventilation were small compared to the variations in left lung flow 
during the experimental conditions. 
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FRINK EJ Jr, KRAMER TH, BANCHY SM, BROWN BR. 
Contributions of liver perfusion flow rate and enzyme 
inhibition to altered verapamil clearance with halothane: a 
study in the isolated perfused rat liver. Anesth Analg 
1990;71:484-8. 


Verapamil clearance is reduced during halothane adminis- 
tration. This study evaluated relative contributions of 
reduced hepatic flow rate and hepatic metabolizing enzyme 
inhibition by halothane as a cause of reduced verapamil 
clearance. An isolated perfused rat liver model was utilized 
in which flow rate could be fixed during halothane admin- 
istration. Perfusions were performed on five te six livers 
under each of the following conditions: (a) control—40 
mLimin flow rate with no anesthetic exposure; (b) 1.5% 
halothane—40 mL/min; (c) 2.25% halothane—40 mL/min; 
(d) reduced flow—20 mL/min with no anesthetic exposure; 
and (e) reduced flow with 1.5% halothane—20 mL/min. 
Halothane caused dose-dependent decreases in both total 
hepatic and intrinsic clearance rates (P < 0.05). With no 


The hepatic clearance of parenterally administered 
drugs during the perianesthetic period can be altered 
by administration of inhalation anesthetics (1-3). 
Halothane and isoflurane, for example, decrease he- 
patic intrinsic clearance of propranolol in animals 
(1,2). In a study evaluating the interactions between 
verapamil and inhalation anesthetics, it was found 
that the administration of halothane, enflurane, or 
isoflurane increases steady-state plasma concentra- 
tions of verapamil with the greatest increases occur- 
ring during halothane exposure (3,4). Ina subsequent 


study the effects of inhaled anesthetics on verapamil 
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anesthetic exposure, a flow reduction of 50% (20 mL/min) 
also gave a large reduction (P < 0.05) in hepatic clearance 
of verapamil compared with the control condition (40 
mL/min). The addition of 1.5% halothane to the reduced 
flow condition was not associated with further reduction in 
hepatic clearance rate. Results of this study suggest that 
although both reduced hepatic perfusion and hepatic enzy- 
matic inhibition by halothane administration are associated 
with decreased verapamil clearance, a greater proportion of 
this decrease appears to be due to reductions in hepatic flow. 
The present results may apply to other drugs used in 
anesthesia that have high hepatic extraction ratios; thus, 
clearance of these drugs may be more dependent on hepatic 
blood flow than on hepatic enzyme activity. 


Key Words: ANESTHESIA, voLaTiLE—halothane. 
LIVER, BLoop FLow. PHARMACOLOGY, CALCIUM 
CHANNEL BLOCKER—Verapamil. 
PHARMACOKINETICS, VERAPAMIL. 


clearance were evaluated (5). The authors found that 
decreased intercompartmental clearance and, to a 
lesser extent, increased initial volume of distribution 
were associated with decreased verapamil clearance. 
Inhaled anesthetics are capable of decreasing total 
hepatic blood flow (6,7) as well as inhibiting hepatic 
oxidative biotransformation (8). Verapamil is a drug 
possessing a high hepatic extraction ratio and thus 
may exhibit hepatic clearance that is more dependent 
on hepatic flow than on hepatic enzyme activity. 
Recent work using an isolated perfused liver model 
has shown that the clearance of lidocaine and pro- 
pranolol (both of which have high hepatic extrac- 
tions) is decreased to varying degrees depending on 
the inhalation anesthetic administered (9). To evalu- 
ate the possible differential contributions of each of 
these variables (hepatic flow and hepatic enzyme 
inhibition) to altered verapamil clearance, we evalu- 
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ated verapamil clearance utilizing an isolated per- 
fused rat liver system that allows for maintenance of 
constant hepatic flow rates during anesthetic expo- 
sure. 


Methods 


Twenty-eight male Sprague-Dawley rats (200-225 g, 
Harlan) were fed a standard diet and housed in 
hanging cages. After receiving institutional animal 
care committee approval, animals were anesthetized 
with intraperitoneal pentobarbital (65 mg/kg), with 
the portal vein cannulated using a 15-gauge blunt 
needle and perfused continuously during liver exci- 
sion to remove blood and barbiturate. Liver perfusion 
during excision was at a rate of 30 mL/min (Cole 
Parmer pump) using Krebs-Henseleit buffer equili- 
brated with 95% oxygen (O,)/5% carbon dioxide 
(CO,). Excised livers were then immediately trans- 
ferred to a glass isolated liver perfusion apparatus 
and perfused via the portal vein for study. All perfu- 
sions were performed utilizing a recirculating system 
with Krebs-Henseleit buffer as perfusate, equili- 
brated with 95% O,./5% CO, pH 7.4 at 37°C. The 
perfusion apparatus used is constructed of glass parts 
(to prevent anesthetic absorption) and consists of a 
reservoir chamber, perfusate pumps, anesthetic 
equilibration chamber, and flow-rate regulating 
valve. Perfusate is passed through a rate-regulating 
valve to the liver via the portal vein and drains from 
the hepatic veins into a perfusate reservoir chamber. 
Perfusate is then returned above the liver via a 
continuous pump (Cole Parmer). The perfusate is 
equilibrated with O, and CO,, with or without anes- 
thetic agent as required, using a glass bead interface 
system before a return passage via the flow-rate 
regulatory valve through the liver. In this way, an ex 
situ reperfusion system is maintained with ability to 
alter perfusate anesthetic concentrations and flow 
rate. 

Studies were made of five conditions: (a) control 
perfusions using perfusate equilibrated in the ab- 
sence of halothane with 95% O./5% CO, ata flow rate 
of 40 mL/min; (b) reduced flow perfusions equili- 
brated with 95% O./5% CO, in the absence of 
halothane using a flow rate of 20 mL/min; (c) 1.5% 
halothane in 95% O./5% CO, at a flow rate of 40 
mL/min; (d) 2.25% halothane in 95% O,./5% CO, with 
flow rate of 40 mL/min; and (e) reduced flow (20 
mL/min) plus 1.5% halothane in 95% O./5% COs. 
Verapamil (3.0 mg) was added to the 100-mL perfus- 
ate reservoir at the beginning of each perfusion for 
each of the study conditions (initial concentration in 
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perfusate, 30 ug/mL). In all cases a 30-min perfusion 
was performed during which perfusate samples were 
obtained from the reservoir via a sampling port. 
Perfusate samples (250 uL) were removed from the 
reservoir via the sampling port at 1.5-min intervals 
throughout the perfusion and stored at —70°C for 
subsequent analysis. A total of five to six livers were 
perfused under each of the study conditions. 

Perfusate samples were analyzed for verapamil 
concentrations using high-pressure liquid chromato- 
graphic analysis and (970 Schoeffel) fluorimetric de- 
tection (10). The daily variation for this assay was 
5.1%; 

The rate constants for verapamil elimination 
(—2.303 times the slope of the log concentration 
versus time plot) were determined by linear regres- 
sion. The area under the concentration time curves 
(AUC) was obtained using the linear trapezoidal rule. 
Hepatic clearance (Cl,), hepatic intrinsic clearance 
(Cl), and hepatic extraction ratio (E) were calculated 
as described below: 


Dose 


Ch = se" (1) 
Cl, 
E = —, 2 
0, (2) 
x E 
E = 3) 
1-E 


where Q, is the hepatic flow. 

Specimens for histologic examination (hematoxy- 
lin and eosin stain) were obtained from all livers after 
perfusions to evaluate each for histologic evidence of 
hypoxia (swollen mitochondria and cytoplasmic vac- 
uolization) (11). Statistical analysis of data utilized 
one-way analysis of variance with a post hoc Stu- 
dent-Newman-—Keuls procedure to compare pharma- 
cokinetic variables between groups. Statistical signif- 
icance was defined as P < 0.05. 


Results 


Data from three liver perfusions were excluded based 
on histologic examination that showed cytoplasmic 
vacuolization suggestive of hepatocyte hypoxia. 
These included one each from the 1.5% halothane, 
2.25% halothane, and reduced flow plus halothane 
groups. 

Pharmacokinetic analysis of results from perfu- 
sions exposed to halothane, as well as results when 
flow was reduced, showed slower elimination of 
verapamil when compared with control values (Table 
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Table 1. Verapamil Pharmacokinetics Associated With 


Hepatic Perfusions In Vitro 


AUC 
Ka (min~’) (ug'mL”!min™') 

Control (n = 6) 0.27 + 0.01 110.9 + 4.2 
1.5% halothane (n = 5) 0.23 + 0.01 136.7 + 9.1" 
2.25% halothane 0.18 = 0.01 165.9 + 7.4" 

(n = 5) 
Reduced hepatic flow 0.17 + 0.01%” IZAI 

(n = 6) 
Reduced hepatic flow 0.16 + 0.00%” 192.4 + 2.47% 


+ 1.5% halothane 
(n = 5) 


Results are shown as mean + SEM. 


AUC, area under the concentration-time curve; Ke, elimination-rate 
constant. 

"Differs from control value (P < 0.05). 

Differs from 1.5% halothane value {P < 0.05). 

“Differs from 2.25% halothane value (P < 0.05). 


1). The elimination-rate constant (K,,) for the control 
group was found to be higher (P < 0.05) than for all 
other groups. The elimination-rate constant for per- 
fusions receiving 1.5% halothane exposure was sig- 
nificantly higher than the 2.25% halothane, reduced 
flow, or the reduced flow with 1.5% halothane 
groups. There was no difference in Ka among either 
of the reduced flow groups or the 2.25% halothane 
group. Evaluation of the area under the concentra- 
tion-time curve showed a pattern similar in terms of 
group differences to the results obtained for K,, with 
the control group having the lowest area under the 
concentration-time curve (AUC) (Table 1). Elimina- 
tion curves for verapamil elimination in this system 
remained log-linear throughout all perfusions. Elim- 
ination curves for control, 1.5% halothane, and 2.25% 
halothane, shown in Figure 1, indicate a concentra- 
tion-dependent influence of halothane on verapamil 
elimination. Reducing hepatic flow rate by 50% led to 
a decrease in the clearance of verapamil from the 
perfusate (P < 0.05) (Figure 2). The addition of 1.5% 
halothane to the reduced flow condition was associ- 
ated with shifting of the verapamil clearance curve 
only slightly further to the right (Figure 2) and did not 
produce reduction in verapamil clearance. 

Hepatic clearance of verapamil under the control 
conditions was higher than all other groups (P < 
0.05) (Table 2). The hepatic clearance rate in 1.5% 
halothane-exposed perfusions was greater than in the 
2.25% halothane-exposed liver, reduced flow, and 
reduced flow with halothane groups, which did not 
differ from each other. 

Hepatic intrinsic clearance for verapamil in this 
system showed comparable values in both the control 
(85.7 mL/min) and reduced flow perfusions (83.9 mL/ 
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Figure 1. Semilogarithmic plot of reservoir perfusate verapamil 
concentrations versus time during control hepatic perfusions (@) 
and with perfusions equilibrated with 1.5% (A) and 2.25% (0O) 
halothane showing concentration-dependent effect. Perfusate flow 
rate at 40 mL/min. Each curve represents five to six liver perfu- 
sions. Error zars are withheld for clarity. 
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Figure 2. Semilogarithmic plot of reservoir perfusate verapamil 
concentrations versus time during control hepatic perfusions (@) 
and with perfusions equilibrated with 1.5% (A) and 2.25% (0) 
halothane, as in Figure 1. In addition, curves showing the effect of 
reduced flow by itself (O) and reduced flow with 1.5% halothane 
(Œ) at a 20-rmL/min flow rate are included. Each curve represents 
five to six liver perfusions. Error bars are withheld for clarity. 


min). Intrinsic clearance in both the 1.5% and 2.25% . 
halothane-exposed perfusions was lower than in the 

control and reduced flow perfusions (P < 0.05). The 

addition cf 1.5% halothane to a 50% reduced flow 

resulted ir a decrease in intrinsic clearance from 88.9 

+ 12.9 to 72.68 + 3.5 mL/min, which was not statis- 

tically sigrificant. 


Discussion 


Results of this study indicate that both reduced 
hepatic bleod flow and altered hepatic intrinsic clear- 
ance (hepetic enzyme metabolizing ability) influence 
verapamil clearance in the isolated perfused rat liver. 
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Table 2. Hepatic and Intrinsic Verapamil Clearance 


Hepatic clearance _ Intrinsic clearance 


(mL/min) (mL/min) 
Control (n = 6) 27.3 + 1.0 85.7 + 13.3" 
1.5% halothane (n = 5) 23.1 + 0.4? 54.9 + 2.1" 
2.25% halothane 17.6 20.38" 31.9 + 2.6%" 
(n = 5) 
Reduced flow (n =6) 16.1 + 0.87" 83.9 + 12.6" 
Reduced flow + 1.5% 15.7 = 0.2%" 72.6 + 3.5" 


halothane (n = 5) 


"Differs from 1.5% halothane value (P < 0.05). 
Differs from control value {P < 0.05). 
Differs from reduced flow + 1.5% halothane value (P < 0.05). 


In this study we utilized an isolated perfused rat 
liver model that allowed maintenance of a constant 
hepatic perfusion during halothane administration. 
This system is valuable in that it permits separation of 
hepatic flow and hepatic enzyme inhibition proper- 
ties with anesthetic administration; it will prove use- 
ful for evaluating other drug-drug interactions. The 
perfusate used for our study was devoid of added 
protein, and therefore effects such as alterations in 
protein binding could not be evaluated (12). Addi- 
tionally, the hepatic perfusion rate that we utilized 
for our “reduced flow group” was necessarily chosen 
from previously obtained results in the literature. A 
flow reduction of 50% was chosen because previous 
results in vivo have shown a 40%-60% decrease in 
hepatic blood flow during 1.5-2 MAC (1.4%~2% in 
rats) halothane administration (6,7). Results of a 
previous study in dogs (5) indicate that intercompart- 
mental clearance of verapamil was reduced, but also 
that an alteration in volume of distribution may have 
affected kinetics. Any influence of halothane on ver- 
apamil clearance caused by alterations in the volume 
of distribution would not be detected by our system 
because of its fixed volume of distribution. 

Although decreased hepatic clearance was ob- 
served with a flow reduction of 50% in our system, it 
might be questioned whether this reduction in clear- 
ance could be due to hepatocellular hypoxia rather 
than to reduced drug delivery. Although higher flow 
rates are generally required when using perfusates 
deficient in red blood cells (2.7 mL-g liver™'-min™’), 
our lower flow state obtained this perfusion rate 
(average liver weight approximately 8 g). Addition- 
ally, there was no greater evidence of hepatic hypoxia 
on histologic examination in the reduced flow groups 
compared with livers perfused at 40 mL/min. Further 
evidence for the absence of hypoxia is found in the 
fact that intrinsic clearance of verapamil (enzyme- 
metabolizing ability) was not different between con- 
trol and reduced flow groups. Our higher flow rate 
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did not exceed 5 mL-g liver~'-min™'. Flow rates in 
excess of this rate may cause endothelial injury (11). 

Evaluation of hepatic intrinsic clearance showed 
no differences between control and reduced flow 
groups. This is not unexpected: intrinsic clearance is 
a measure of hepatic enzyme-metabolizing ability 
and should be devoid of hepatic flow influences. The 
addition of halothane to the perfusate with hepatic 
flow rate constant at 40 mL/min showed a decrease in 
both hepatic and intrinsic clearances, a decrease that 
occurred in a dose-dependent fashion. Reduced flow 
of 50% caused a significant reduction in hepatic 
clearance compared with control. This result is con- 
sistent with the large effect alterations in hepatic flow 
have on the clearance of drugs, such as verapamil, 
with a high hepatic extraction ratio. The addition of 
1.5% (1.5 MAC) halothane to a 50% reduced flow 
condition caused an alteration in intrinsic clearance 
from 83.9 to 72.7 mL/min; however, this was not a 
significant change. These results suggest that al- 
though enzyme-metabolizing inhibition may con- 
tribute to decreased clearance, the influence of the re- 
duced hepatic perfusion that results during halothane 
administration may play a greater role. 

The combination of high concentrations of 
halothane with elevated verapamil concentrations 
can result in profound decreases in cardiac ventricu- 
lar function as well as depressed regional blood flows 
(3). This phenomenon is probably due to an interac- 
tion of the negative inotropic actions of halothane 
and verapamil in conjunction with the increased 
verapamil levels. Results of this study give some 
insight into the mechanisms by which verapamil 
clearance may be altered. 

Data from this study, when combined with those 
of previous investigations (5), provide evidence that 
the elevated verapamil concentrations seen during 
halothane administration are most likely due to 
decreased total clearance as well as to a smaller 
contribution from anesthetic-induced changes in 
volume of distribution. Our data suggest that both 
decreased hepatic blood flow and decreased hepatic 
biotransformation may contribute to the component 
of decreased total verapamil clearance; however, 
a much larger contribution appears to be caused by 
the decrease in hepatic flow. Decreased verapamil 
doses during halothane administration may be re- 
quired to prevent excessive plasma verapamil con- 
centrations. 
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Correlation of Train-of-Four and Double Burst Stimulation Ratios at 


Varying Amperages 


Sorin J. Brull, Mp, Neil R. Connelly, Mp, and David G. Silverman, MD 


BRULL SJ, CONNELLY NR, SILVERMAN DG. 
Correlation of train-of-four and double burst stimulation 
ratios at varying amperages. Anesth Analg 1990;71:489-92. 


The present study was undertaken to document the rela- 
tionship between train-of-four (TOF) and double burst 
stimulation (DBS) at varying degrees of blockade, and to 
determine whether this relationship remained constant over 
a range of stimulating currents. The neuromuscular re- 
sponses to the two most commonly employed modes of DBS 
stimulation, DBS; 3 and DBS; >, and the responses to TOF 
nerve stimulation were recorded and compared at 20, 30, 
and 50 mA. Twenty-two consenting patients undergoing 
general anesthesia received a vecuronium infusion to 
achieve a TOF ratio within the range of 0.1-1.0. Train-of- 
four, DBS; 3, and DBS; » were delivered at 20, 30, and 50 
mA in random sequence after a steady state of neuromus- 
cular blockade was achieved. At a stimulating current of 50 


Double burst stimulation (DBS) has been introduced 
as an alternative means of assessing neuromuscular 
blockade (1-4). DBS33 consists of a minitetanic 
burst of. three 200-us impulses at a frequency of 50 
Hz, followed 750 ms later by an identical burst. 
DBS, 2 consists of a burst of three 200-us impulses at 
50 Hz followed 750 ms later by a burst of two such 
impulses (Figure 1). Double burst stimulation and 
train-of-four (TOF) stimulation maintain a close rela- 
tionship over a wide degree of clinical blockade (1,4). 
To date, this relationship has been established at 
supramaximal, but not at submaximal, stimulating 
currents. 

It recently has been reported that the ratio of the 
fourth twitch to the first twitch of TOF (i.e., T,/T, 
ratio) remained consistent upon stimulation at 20, 30, 
and 50 mA. The consistency of adductor pollicis 
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mA, there was a significant linear correlation between 
DBS, , and TOF (P < 0.0001; r = 0.98) over the range of 
blockade. Similarly, there was a high degree of correlation 
between DBS; , and TOF at 50 mA, as the increased “fade” 
associated with DBS, was maintained throughout the 
spectrum of blockade (P < 0.0001; r = 0.95). The high 
degrees of correlation were maintained at stimulating cur- 
rents of 20 and 30 mA (P < 0.0091). In conclusion, the 
present study revealed that there is a high degree of linear 
correlation between DBS and TOF, and that this mechano- 
graphic relationship is maintained over a wide range of 
stimulating currents during varying degrees of clinical 
neuromuscular blockade. 


Key Words: MONITORING, NEUROMUSCULAR— 
train-of-four, double burst stimuli. 
NEUROMUSCULAR RELAXANTS, MONITORING. 


responses was demonstrated by intercurrent differ- 
ences (i.e., differences in T,/T, ratios obtained at 
varying stimulating currents) that were less than 3% 
(5). The nature of DBS stimulation (minitetanus) is 
quite different from that of TOF (single-twitch). This 
difference between the TOF and DBS stimuli, as well 
as the report that lesser currents are associated with 
less discomfort (6), makes defining the TOF to DBS 
relationship important for subsequent investigations 
and clinical applications. Because the literature is 
controversial with respect to which mode of DBS is 
more clinically useful in detecting neuromuscular 
fade by tactile means (1,2,4), both DBS; 3 and DBS; 5 
were evaluated in the present study. 


Materials and Methods 


After approval by the institutional Human Investiga- 
tional Committee, 22 consenting patients, ranging in 
age from 22 to 80 yr and free of known neuromuscu- 
lar disease, were studied. Anesthesia was induced 
with thiopental (4-6 mg/kg), fentanyl (1-2 pg/kg), 
and midazolam (0.02-0.04 mg/kg), and was main- 
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20 ms between each impulse 
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Figure 1. Illustration of TOF and DBS. All stimuli are 200 us in 
duration, square-wave pattern, and of equal current intensity. 
Train-of-four consists of four stimuli at a frequency of 2 Hz. DBS, 
consists of three stimuli at 50 Hz followed 750 ms later by a burst 
of two stimuli at 50 Hz. DBS,, consists of two groups of three 
stimuli at 50 Hz separated by 750 ms. 


Figure 2. The correlation of the T,/T, ratio to the D,/D, ratio of 
DBS; (r = 0.98) and to the D,/D, ratio of DBS, (r = 0.95) at 50 
mA. The straight line represents the best-fit line. 


DBS 3,3 RATIO 





TOF RATIO 
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tained with isoflurane (0.25%-1.00% end-tidal) and 
66% nitrous oxide (NO) in oxygen (O,). The ulnar 
nerve was stimulated via cutaneous electrodes with a 
Myotest peripheral nerve stimulator (Biometer, Den- 
mark). The output of the Myotest had been con- 
firmed on an interfaced oscilloscope (Tektronix 7603, 
Tektronix, Inc., Beaverton, Ore.) at currents varying 
from 20 to 50 mA. The positive electrode was placed 
over the olecranon groove, and the negative electrode 
was placed on the volar aspect of the forearm. (7,8). 
Thumb adduction in response to TOF stimulation 
every 10 s was quantified with an adductor pollicis 
force transducer (Myotrace APM-L, Professional In- 
struments, Houston, Tex.), which was interfaced to a 
monitor/stripchart recorder (Datascope 2000 A/2000 
RS, Datascope Corp., Paramus, N.J.). Intubation was 
facilitated with intravenous succinylcholine (1-1.5 
mg/kg). 

When the height of the T, and T, responses to TOF 
stimulation at 50 mA had returned to the presucci- 
nylcholine baseline, a continuous intravenous infu- 
sion of vecuronium was started to achieve a T,/T, 
ratio between 0.1 and 1.0. Once the T,/T, ratio (tested 


_ every minute) remained constant for at least 5 min, 
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the responses to randomly delivered TOF, DBS; », 
and DBS, 3 stimulations were recorded at 20, 39, and 
50 mA, with 20 s maintained between each stimula- 
tion. Once the neuromuscular responses to TOF and 
both modes of DBS were recorded at a particular 
current, a new degree of neuromuscular blockade 
was achieved by changing the vecuronium infusion 
rate, and new data were recorded as described above. 
An average of 2.5 data sets were obtained at different 
degrees of blockade in each subject, with at least a 
15-min interval between sets. This provided a total of 
50 sets of observations. 
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Figure 3. Above (left and right). The correlation of the T,/T, ratio to 
the D/D; ratio of DBS, 3 (r = 0.97) and ta the D,/D, ratio of DBS; , 
(r = 0.86) at 20 mA. The straight line represents the best-fit line. 


DBS 3,3 RATIO 





TOF RATIO 


The heights of T,, T,, D,, and D, were measured to 
the nearest millimeter and were estimated to a tenth 
of a millimeter. Then the ratios for TOF (T,/T,) and for 
DBS (D,/D,) were calculated. Data were analyzed 
with linear regression and expressed as mean + sD. 
Differences were considered statistically significant at 
the P < 0.05 level. 


Results 


As shown in Figure 2, the data obtained at a supra- 
maximal stimulating current of 50 mA documented 
the existence of a strong linear correlation between 
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Figure 4. Below (left and right). The correlation of the T,/T, ratio to 
the D,/D, ratio of DBS, 3 (r = 0.98) and to the D./D, ratio of DBS, , 
(r = 0.97) at 30 mA. The straight line represents the best-fit line. 


DBS 3,2 RATIO 
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the T,/T, ratio and the D./D, ratio of both DBS, 3 and 
DBS, (P < 0.0001). This high degree of association 
was represented by r values of 0.98 for TOF versus 
DBS33 and of 0.95 for TOF versus DBS3,. As the 
best-fit lines indicated (Figure 2), a T/T; ratio of 1.0 
corresponded to a D,/D, ratio of approximately 1.0 
for DBS, 3 and a ratio of 0.8 for DBS; 2. 

A significant linear correlation (P < 0.0001) also 
existed between the T,/T, ratio and the D,/D, ratios of 
both DBS, and DBS, at currents of 20 mA (Figure 
3) and 30 mA (Figure 4). This correlation was repre- 
sented for TOF versus DBS; 3 by r values of 0.97 and 
0.98 at stimulating currents of 20 and 30 mA, respec- 
tively. The correlation for TOF versus DBS; was 
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demonstrated by r values of 0.86 and 0.97 at 20 and 30 
mA, respectively. 


Discussion 


The present data indicated that the T,/T, and the 
D,/D, ratios were highly correlated at 20, 30, as well 
as at 50 mA. When comparable stimuli were deliv- 
ered (i.e., T} and T; of TOF, and D; and D, of DBS; 3), 
mechanographic assessment of TOF and DBS, , both 
demonstrated a ratio of 1.0 in the absence of block- 
ade, and similar fade throughout a clinically relevant 
range of neuromuscular blockade (i.e., T/T, of 0.1- 
1.0). The consistency of the ratio was maintained at 
submaximal as well as supramaximal currents. 

As expected, in contrast to DBS,, DBS, > did not 
show a ratio of 1.0 in the absence of nondepolarizing 
neuromuscular blockade. The second burst of DBS; 2 
is of shorter duration than the first, to facilitate visual 
and tactile detection of fade (4); a T,/T, ratio of 1.0 is 
associated with a DBS, . D/D; ratio of approximately 
0.8. Because it has been shown that significant fade 
(i.e., a T/T; ratio as low as 0.4) can go undetected 
visually or tactilely (9), it has been proposed that the 
built-in “fade” of DBS}, will lessen the likelihood of 
premature extubation of the trachea. We elected to 
evaluate both forms of DBS, because they both cor- 
relate with TOF (3,5), and there is disagreement as to 
which form of DBS will prove to be superior (1,2,4). 

The present confirmation that the relationship be- 
tween TOF and DBS is maintained at less than 
supramaximal currents should facilitate subsequent 
applications and comparisons of these techniques. 
However, one should not conclude that visual or 
tactile assessment at lower currents would necessar- 
ily be comparable to the mechanographic assessment 
performed in the present investigation. It is possible 
that the decreased degree of contraction at lower 
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currents would alter one’s ability to detect fade in the 
absence of a mechanical recording device. It remains 
to be seen whether testing at lower currents will 
simply be a less painful means of evaluating fade 
when using a mechanical recording device, or 
whether it will prove to be a practical means of 
visually and/or tactilely assessing DBS or TOF neuro- 
stimulation. 


The authors thank Theresa Z. O’Connor, mru, for statistical 


analysis, and Paul G. Barash, MD, for reviewing this manuscript. 
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Hemodynamic Effects of Diltiazem During Vasoconstrictor 


Pulmonary Hypertension in Sheep 


Ronald G. Pearl, MD, PhD, and James C. Finn, MD 


PEARL RG, FINN JC. Hemodynamic effects of diltiazem 
during vasoconstrictor pulmonary hypertension in sheep. 
Anesth Analg 1990;71:493-7. 


Calcium channel blockers have been effective as pulmonary 
vasodilators in patients with pulmonary hypertension. The 
current study therefore compared the effects of prostaglan- 
din E,, an effective pulmonary vasodilator, with the effects 
of the water-soluble calcium channel blocker diltiazem 
during pulmonary hypertension in sheep. Pulmonary hy- 
pertension was produced by continuous intravenous admin- 
istration of U46619 to halothane-anesthetized sheep. Pros- 
taglandin E, decreased pulmonary artery pressure 29%, 
decreased pulmonary vascular resistance (Rp) 57%, and did 
not affect the ratio of pulmonary to systemic vascular 
resistance (Rp/Rs). Diltiazem decreased pulmonary artery 


Pulmonary hypertension increases right ventricular 
afterload and may therefore limit cardiovascular per- 
formance in acute and chronic cardiopulmonary dis- 
orders (1). Pulmonary vasodilator therapy may de- 
crease pulmonary hypertension and result in 
hemodynamic and symptomatic improvement. How- 
ever, pulmonary vasodilator therapy may produce 
excessive systemic vasodilation and result in systemic 
hypotension and right ventricular ischemia. The clin- 
ical efficacy of a pulmonary vasodilator may therefore 
be a function of the ratio of the changes in pulmonary 
and systemic vascular resistance (2,3). We have pre- 
viously reported the effects of seven vasodilators 
(nitroglycerin, nitroprusside, hydralazine, prosta- 
glandin E, [PGE,], prostacyclin, isoproterenol, and 
nifedipine) during vasoconstrictor-induced pulmo- 
nary hypertension in sheep (4,5). With the exception 
of nifedipine, the hemodynamic effects of each agent 


Presented in part at the annual meeting of the American Society 
of Anesthesiologists, New Orleans, Louisiana, October 1989. 

Received from the Department of Anesthesia, Stanford Univer- 
sity Medical Center, Stanford, California. Accepted for publication 
July 17, 1990. 

Address correspondence to Dr. Pearl, Department of Anesthe- 
sia, Stanford University Medical Center, Stanford, CA 94305. 


©1990 by the International Anesthesia Research Society 


pressure 15%, decreased Rp 50%, and did not affect Rp/Rs. 
When 0.33 mL/kg polyethylene glycol-ethanol vehicle (the 
vehicle used for nifedipine administration in a prior study) 
was administered during diltiazem infusion, pulmonary 
artery pressure increased 19%, Rp increased 72%, and 
Rp/Rs increased 29%. These results indicate that diltiazem 
is an effective pulmonary vasodilator and suggest that the 
previously reported unfavorable results of nifedipine may 
have been due to the vehicle used for nifedipine administra- 
tion. 


Key Words: LUNG, BLOOD FLoOw—pulmonary 
hypertension. HORMONES, PRosTAGLANDIN— 
prostaglandin E,, thromboxane, U46619. 
PHARMACOLOGY, DILTIAZEM, NIFEDIPINE. 


were relatively consistent with the results reported in 
patients with pulmonary hypertension (2). Clinically, 
nifedipine has been an effective pulmonary vasodila- 
tor (6-9). However, in sheep, nifedipine resulted in a 
large increase (41%) in the ratio of pulmonary to 
systemic vascular resistance (Rp/Rs) and only a2 mm 
Hg decrease in mean pulmonary artery pressure. 
Because nifedipine is not water-soluble, a polyethyl- 
ene glycol-ethanol (PEG-EtOH) vehicle was used for 
nifedipine administration. Subsequent studies have 
demonstrated that small volumes (0.12 mL/kg) of a 
similar vehicle (40% propylene glycol) produce pul- 
monary hypertension in sheep (10). The PEG-EtOH 
vehicle in the prior study may therefore have contrib- 
uted to the unfavorable pulmonary hemodynamic 
profile of nifedipine. Because all vehicles we have 
tried have produced pulmonary hypertension in 
sheep, we were unable to determine the hemody- 
namic effects of nifedipine alone. The current study 
was therefore designed to determine the effects of the 
water-soluble calcium channel blocker diltiazem, 
with and without the PEG-EtOH vehicle, during 
vasoconstrictor-induced pulmonary hypertension in 
sheep. To allow comparisons to our prior studies, the 
effects of PGE, were examined in the same sheep. 
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Methods 


The protocol for this study was approved by the 
Stanford Panel on Laboratory Animal Care. 

Six male sheep weighing 15-25 kg were anesthe- 
tized with 15-20 mg/kg thiopental IV. The sheep were 
intubated and mechanically ventilated using a tidal 
volume of 15-20 mL/kg and a rate adjusted to main- 
tain arterial carbon dioxide tension between 35 and 45 
mm Hg. Anesthesia was maintained with halothane 
(end-tidal concentration of 1%) in oxygen. Tempera- 
ture was maintained at 37.5°-39°C with a warming 
blanket. After induction of anesthesia, systemic arte- 
rial, central venous, and triple-lumen pulmonary 
arterial catheters were inserted. Heart rate was mea- 
sured by continuous electrocardiographic monitor- 
ing. One hour after catheter insertion, baseline mea- 
surements were obtained. Measured hemodynamic 
variables included heart rate (HR), mean systemic 
arterial pressure (Psa), right atrial pressure (Pra), 
mean pulmonary artery pressure (Ppa), pulmonary 
artery occlusion pressure (Ppao), and cardiac output 
(CO). Arterial and mixed venous blood gas samples 
were obtained. Pulmonary hypertension was then 
induced by continuous intravenous infusion of the 
vasoconstrictor U46619 (9,11-dideoxy-lla, 9a- 
epoxymethano-prostaglandin Fa). The infusion rate 
was initially titrated until Ppa exceeded 30 mm Hg 
and CO was reduced by at least 25%; the infusion rate 
was then maintained constant for the duration of the 
experiment. Previous studies (4,5) have demon- 
strated that hemodynamics and pulmonary vascular 
reactivity remain stable for at least the next 4 h. 
Hemodynamic measurements (U46619-1) were ob- 
tained 30 min after beginning U46619. U46619 was 
continued, and PGE, was administered as a continu- 
ous intravenous infusion titrated to reduce Psa by 
30%. Hemodynamic and blood gas measurements 
were obtained 15 min after a stable PGE, infusion rate 
had been obtained. 

Prostaglandin E} was then discontinued. One hour 
later, a second set of measurements during U46619 
administration (U46619-2) was obtained. U46619 was 
continued and diltiazem was administered as a con- 
tinuous intravenous infusion titrated to decrease Psa 
by 30% (compared with the U46619-2 value). Hemo- 
dynamic and blood gas measurements were obtained 
15 min after a stable diltiazem infusion rate had been 
obtained. Both U46619 and diltiazem were continued, 
and 0.33 mL/kg of the PEG-EtOH vehicle (15 g 
polyethylene glycol plus 15 g ethanol plus saline to a 
total volume of 50 mL) was administered over 5 min. 
A final set of hemodynamic and blood gas measure- 
ments was obtained. 
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Measurement Techniques 


Intravascular pressures were measured at end- 
expiration with disposable pressure transducers 
(Trantec 53-600F) referenced to left atrial level and 
recorded on a Hewlett-Packard eight channel re- 
corder. Cardiac output was determined in triplicate 
by thermodilution technique using 10 mL of room 
temperature saline injectate and an Edwards 9520A 
cardiac output computer. Blood gas tension levels 
and pH were analyzed using a Corning 168 pH/blood 
gas analyzer. Venous and arterial oxygen saturation 
values were calculated using a Severinghaus slide 
rule (11), assuming a Ps, value of 27 mm Hg for sheep 
hemoglobin (12). Oxygen content (in mg/dL) was 
calculated as C = (1.34 x Hgb x So.) + (0.003 x Po.,). 
Shunt fraction (Qs/Qt) was calculated as (capillary 
oxygen content — arterial oxygen content)/(capillary 
oxygen content — mixed venous oxygen content). 
Pulmonary vascular resistance (Rp; in dyne-s-cm~”) 
was calculated as (Ppa — Ppao) x 80/CO; systemic 
vascular resistance (Rs; in dyne-s:cm™”) as (Psa~Pra) 
x 80/CO; and stroke volume as CO/HR. The Rp/Rs 
ratio was calculated to assess the balance of pulmo- 
nary to systemic vasodilator effects. 


Drugs 


Prostaglandin E, and U46619 were gifts from Doug 
McCarter (Upjohn). U46619 stock solution (concen- 
tration 5 mg/mL) was prepared in absolute alcohol 
and stored at —20°C; aliquots of 0.4 mL were diluted 
in 50 mL saline for infusion. Prostaglandin E, was 
prepared in 0.2 M phosphate buffer at a concentration 
of 5 pg/mL. Diltiazem (Marion Laboratories) was 
dissolved in saline at a concentration of 0.3 mg/mL. 


Statistics 


Statistical analysis used repeated measures analysis 
of variance of the six time points (baseline, U46619-1, 
PGE,, U46619-2, diltiazem, diltiazem + PEG-EtOH 
vehicle) followed by the Newman-Keuls multiple 
range test when appropriate. Probability values of 
<0.05 were considered significant. Results are re- 
ported as mean values + standard error of the mean. 


Results 


U46619, infused at a rate of 1.05 + 0.19 ug-kg-*-min“!, 
resulted in pulmonary hypertension. U46619 increased 
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Table 1. Hemodynamic and Oxygenation Variables During the Study 
Baseline U46619-1 PGE, U46619-2 Diltiazem Diltiazem/PEG-EtOH 
Ppa (mm Hg) 10.3 + 0.8 29.7 + 1.1" 21.0 + 1.0" 29.2 + 1.2° 24.7 + 1.0° 29.5 + 1.2? 
Psa (mm Hg) 88 + 4 106 + 42 76 +2 107 + 4" 79 + 3 78 +2 
Rp (dyne-s:cm~°) 151 + 28 1206 + 209° 516 + 121° 1238 + 192° 620 + 196° 1068 + 170° 
Rs (dyne-s-cm~°) 2601 + 162 5541 + 1138" 2278 + 3867 5846 + 892° 2992 + 3897 4008 + 597 
Rp/Rs 0.06 + 0.01 0.22 + 0.03" 0.22 + 0.02 0.22 + 0.02 0.21 + 0.02" 0.27 + 0.027 
CO (L/min) 2.6 + 0.2 1.7 + 0.37 2.8 + 0.4" 1.6 + 0.27 2.1 + 0.3% 1.6 + 0,37 
Ppao (mm Hg) 5.5 + 0.3 7.8 + 0.7? 5.3 + 0.6" 7.3 + 1.0 9.8 + 0.8" 10.5 + 0.9 
Pra (mm Hg) “4.2 20:5 5.7 + 0.4 3.8 + 0.3 5.0 + 0.9 7.2 + 0.6 7.7 + 0.7 
HR (beats/min) 119 + 8 102 + 9 126 + 11? 102 + 11° 83 + 11° 78 + 10 
Pao, (mm Hg) 482 + 24 434 + 30 464 + 30 424 + 41 449 + 32 449 + 28 
PV¥o, (mm Hg) 67 + 3 57 + 6 7344 56 + 67 63 = 4 57 +4 
Os/Qt 0.19 + 0.02 0.17 + 0.03 0.20 + 0.02 0.16 + 0.03 0.16 = 0.01 0.14 + 0.01 


Values are given as mean + sEM for six sheep. 


PGE;, prostaglandin E}; Ppa, mean pulmonary artery pressure; Psa, mean systemic arterial pressure; Rp, pulmonary vascular resistance; Rs, systemic 
vascular resistance; CO, cardiac output; Ppao, pulmonary artery occlusion pressure; Pra, right atrial pressure; HR, heart rate; Pao., arterial oxygen tension; 


P¥o,, mixed venous oxygen tension, and Qs/Qt, shunt fraction. 
°P < 0.01 versus prior value. 
ÞP < 0.05 versus prior value. 


Ppa 188%, increased Rp 699%, increased Rp/Rs 267%, 
increased Psa 20%, and decreased CO 35% (Table 1). 
These effects of U46619 are similar to those reported in 
our previous studies (4,5). U46619 decreased Pvo, but 
did not significantly affect arterial Pao, or Qs/Qt. Pros- 
taglandin E, infused at a rate of 59 + 20 ng-kg™*-min™?, 
decreased Psa 28%, decreased Ppa 29%, decreased Rp 
57%, decreased Rs 59%, increased CO 65%, and did not 
affect Rp/Rs (Table 1). These hemodynamic effects of 
PGE, are similar to those previously reported (4,5). 
Prostaglandin E, increased Pvo, and did not signifi- 
cantly affect Pao, or Qs/Qt. 

After discontinuation of PGE,, hemodynamic and 
blood gas variables were similar to those before PGE, 
(U46619-2 versus U46619-1). Diltiazem, infused at a 
rate of 70 + 23 ug-kg~'-min~’, decreased Psa 26%, 
decreased Ppa 15%, decreased Rp 50%, decreased Rs 
49%, increased CO 31%, and did not significantly 
affect Rp/Rs, Paoz, Pvoz, or Qs/Qt. Diltiazem signifi- 
cantly decreased HR and, in two sheep, resulted in 
second-degree heart block. Administration of PEG- 
EtOH vehicle during diltiazem administration in- 
creased Ppa 19%, increased Rp 72%, increased Rp/Rs 
29%, and decreased CO 24%. Comparison of values 
during concomitant diltiazem-U46619-PEG-EtOH ad- 
ministration to values during U46619 administration 
alone (U46619-2) demonstrated no change in Ppa, a 
27% decrease in Psa, a 14% increase in Rp, a 31% 
decrease in Rs, a 23% increase in Rp/Rs, and no 
change in CO. 


Discussion 


Pulmonary hypertension may occur as a primary 
disorder or may occur secondary to acute or chronic 


cardiac disease, pulmonary disease, or multiple sys- 
temic disorders (1). Increased pulmonary vascular 
resistance represents a decreased cross-sectional area 
of the pulmonary vascular bed. In general, this de- 
crease involves both active vasoconstriction and 
structural remodeling of the pulmonary vascular bed. 
Active vasoconstriction has been demonstrated in 
primary pulmonary hypertension (13), adult respira- 
tory distress syndrome (14), pulmonary embolism 
(15), hypoxia (16), and chronic obstructive lung dis- 
ease (1). Pulmonary vasodilator therapy is designed 
to reverse this active vasoconstriction, thereby de- 
creasing right ventricular afterload and improving 
CO. Potential adverse effects of pulmonary vasodila- 
tor therapy with calcium channel blockers are sys- 
temic hypotension due to systemic vasodilation 
and/or decreased myocardial contractility and hy- 
poxia due to worsened ventilation-perfusion match- 
ing (17,18). Clinical studies of pulmonary vasodilator 
therapy have produced conflicting results, possibly 
due to individual patient variability over time (19), to 
heterogeneity among patients within a given etiology 
of pulmonary hypertension, and to heterogeneity of 
etiologies of pulmonary hypertension. Animal mod- 
els of pulmonary hypertension have significant limi- 
tations, including marked hypoxemia (when hypoxia 
is used as the stimulus for vasoconstriction) and 
significant arterial obstruction (when thromboem- 
bolic models are used) (20). We therefore have stud- 
ied vasodilator therapy in the current 046619 model 
in which pulmonary hypertension is due to active 
vasoconstriction. 

U46619, a stable endoperoxide thromboxane A,- 
mimetic, has potent effects on platelet aggregation 
and vascular smooth muscle contractility (21,22). 
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Thromboxanes have been implicated in a number of 
pathologic states characterized by abnormal vascular 
tone. Thromboxane A, has been associated with the 
pulmonary vasoconstriction occurring in association 
with sepsis (23), endotoxemia (24), complement acti- 
vation (25), neutrophil activation (26), microembo- 
lism (27), and monocrotaline-induced pulmonary hy- 
pertension (28). In sheep, U46619 infusion has 
produced sustained pulmonary hypertension with- 
out excessive increases in systemic arterial pressure 
(4,5). Elevations in Ppa and Rp remain stable for at 
least 4 h. Vasodilator drug infusion can reduce Ppa 
and increase CO, indicating that reversible pulmo- 
nary vasoconstriction is present. U46619-induced 
pulmonary hypertension therefore appears to be a 
useful model for comparing the pulmonary vasodila- 
tor properties of drugs. This model has been effective 
in allowing assessment of the relative pulmonary and 
systemic hemodynamic effects of different clinically 
used pulmonary vasodilators (4,5). 

Diltiazem has been used for clinical treatment of 
both primary and secondary pulmonary hyperten- 
sion (6,29,30). In comparison to nifedipine, diltiazem 
has in general been less effective, possibly due to the 
decreased vasodilator effects and the increased neg- 
ative inotropic, chronotropic, and dromotropic effects 
of diltiazem (31). 

In the current sheep study, diltiazem was an 
excellent pulmonary vasodilator. Diltiazem decreased 
Ppa and Rp, and increased CO, despite decreasing 
HR. Diltiazem produced equal pulmonary and sys- 
temic vasodilation with no significant effect on the 
Rp/Rs ratio. The hemodynamic profile was similar to 
PGE,, the most effective pulmonary vasodilator we 
have studied. The major differences between the two 
drugs (a larger increase in CO with PGE, than with 
diltiazem and a decrease in Ppao with PGE, versus an 
increase with diltiazem) were probably due to the 
negative chronotropic, inotropic, and dromotropic 
effects of diltiazem. 

In our previous study on the effects of nifedipine 
in U46619-induced pulmonary hypertension (4), nife- 
dipine decreased Rp by 34% but increased the Rp/Rs 
ratio by 41%. This hemodynamic profile was mark- 
edly inferior to the other six vasodilator drugs studied 
in this model (4,5). Subsequent to that study, we 
have described severe pulmonary hypertension as a 
consequence of propylene glycol administration in 
sheep (10). Propylene glycol-induced pulmonary hy- 
pertension could be prevented by thromboxane syn- 
thesis inhibition (10), consistent with thromboxane 
release from pulmonary intravascular macrophages 
in sheep (32). In our previous study with nifedipine, 
a PEG-EtOH vehicle was used for nifedipine admin- 
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istration. Thus, the adverse effects of nifedipine ad- 
ministration may have been related to the vehicle 
rather than to the drug. In the current study, the 
PEG-EtOH vehicle (when added to diltiazem) in- 
creased Ppa, Rp, and Rp/Rs. Comparison of the data 
from the previous study with the current study 
suggests that nifedipine (with PEG-EtOH vehicle) 
compared with diltiazem-PEG-EtOH ‘resulted in a 
higher CO, a lower Ppa, a lower Rp, and a higher 
Rp/Rs, consistent with the greater vasodilator effects 
and less negative cardiac effects of nifedipine. It is, of 
course, impossible to quantify the effect of nifedipine 
itself separate from the vehicle. However, in the 
current study, diltiazem by itself was as effective as 
any of the six vasodilators previously studied, 
whereas the diltiazem-PEG-EtOH combination had 
no net pulmonary vasodilator activity. Thus, the 
prior report of pulmonary vasodilation with nife- 
dipine (plus PEG-EtOH vehicle) suggests that nife- 
dipine itself may be an effective pulmonary vasodila- 
tor in sheep. Studies of other calcium channel 
blockers in animal models appear to be indicated. 
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SAVARESE JJ. Pharmacokinetics and pharmacodynamics 
of doxacurium in young and elderly patients during 
isoflurane anesthesia. Anesth Analg 1990;71:498-502. 


Preliminary disposition studies of the investigational, long- 
acting muscle relaxant doxacurium chloride (Nuromax) 
have demonstrated dual elimination by renal and hepatobil- 
lary pathways, as well as slow hydrolysis by plasma 
cholinesterase. The present study compares the kinetics and 
dynamics of doxacurium in eight ASA physical status I or 
II elderly patients (67-72 yr of age) and eight ASA I or II 
young patients (22-49 yr of age). After institutionally 
approved written informed consent, kinetic and dynamic 
measurements were made after a 25-ug/kg bolus injection of 
doxacurium during 1.25 MAC nitrous oxidefoxygen/ 
isoflurane anesthesia. Maximum twitch depression was 
similar in older patients (96.4% + 1.3%) to that in the 
young patients (96.6% + 1.8%). The time to achieve this 
level of block was significantly longer in the elderly than in 
the young (11.2 + 1.1 min versus 7.7 + 1.0 min, 


Differences in drug response and distribution are 
known to occur during the normal aging process 
(1-3). Decreased total body water and lean body 
weight, as well as a decreased serum albumin con- 
centration with resulting decrease in protein binding, 
may each alter drug disposition in the elderly. Like- 
wise, physiologic alterations in blood flow with de- 
creased cardiac output, reduced delivery of drug via 
splanchnic circulation to the liver, and decreased 
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respectively). Recovery times to twitch heights of 5% and 
25% of control tended to be prolonged and were more 
variable in the elderly (82.6 + 17.2 and 97.1 + 20.1 min, 
respectively) than in the young (54.8 + 9 and 67.5 + 8.2 
min, respectively). Elimination half-life (96 + 20 min) and 
clearance (2.47 + 0.69 mL-kg~'-min—") in the elderly 
patients were not statistically different from values found 
in the younger group. Volume of distribution at steady 
state in the elderly (220 + 80.2 mL/kg) was significantly 
larger than in the young (150 + 40.0 mL/kg). Renal 
excretion of unchanged drug was an important route of 
elimination, accounting for 24% of the dose in the elderly 
and 31% in the young. The observed pharmacokinetic and 
dynamic profile suggests that doxacurium may be given in 
a similar dosage regimen to both young and elderly pa- 
tients. 


Key Words: NEUROMUSCULAR RELAXANTS, 
DOXxACURIUM. PHARMACOKINETICS, 
DOXACURIUM. PHARMACODYNAMICS, 
DOXACURIUM. AGE, DOXACURIUM 
PHARMACOKINETICS. 


renal blood flow and glomerular filtration rate may 
decrease elimination of drugs in the older population. 
Decreased elimination and longer duration of effect 
has been demonstrated with the long- and interme- 
diate-acting muscle relaxants pancuronium (4,5), 
d-tubocurarine (6), metocurine (6), alcuronium (7), 
and vecuronium (8). 

The present study compares pharmacokinetic and 


- pharmacodynamic responses to the new, long-act- 


ing bis-benzylisoquinolinium diester relaxant doxa- 
curium chloride (Nuromax) in elderly and young 
patients during isoflurane anesthesia. An additional 
purpose of the study was to ascertain whether 
urinary excretion of unchanged drug is a viable 
route of elimination, as has been suggested in early 
studies (9). 


DOXACURIUM IN YOUNG AND ELDERLY PATIENTS 


Methods 


Approval was granted by the Subcommittee on Hu- 
man Studies of the Massachusetts General Hospital. 
All patients gave written informed consent for all 
monitoring, data collection, doxacurium administra- 
tion, and anesthetic procedures. 

Sixteen ASA physical status I or II patients sched- 
uled for elective orthopedic procedures were studied, 
eight elderly (67-72 yr of age) and eight young (22-49 
yr of age). Age and weight for the elderly were 70 + 
2 yr and 76 + 15 kg (mean + sp), respectively; for the 
young, these were 31 + 9 yr and 77 + 17 kg, 
respectively. Women of childbearing potential were 
excluded, as were patients with a history of neuro- 
muscular, cardiovascular, hepatic, or renal disorders. 
Patients who had been exposed to adrenal corticoste- 
roids, phenytoins, barbiturates, or antihistamines 
were similarly excluded. 

Subjects were premedicated with morphine (5-10 
mg IM) and/or oral diazepam (5-15 mg) 1 h preoper- 
atively. Anesthesia was induced with thiopental (3-5 
mg/kg IV) and fentanyl (2-4 mg/kg IV) in divided 
doses. Controlled ventilation was established with 
oxygen and isoflurane given by mask. Intubation of 
the trachea was performed without the use of muscle 
relaxants. Blood pressure by oscillotonometry, elec- 
trocardiogram, oxygen saturation (Nellcor N-100 
Pulse Oximeter), end-tidal isoflurane and Pco, (Puri- 
tan Bennett Analyzer), and temperature were moni- 
tored and recorded. Anesthesia was maintained at an 
end-tidal isoflurane concentration of 0.8% + 0.1% 
with 60% nitrous oxide in oxygen (approximately 1.25 
MAC of combined anesthetic gases). Ventilation was 
controlled throughout the study to maintain the 
arterial and/or end-tidal Pco, between 35 and 45 mm 
Hg. Esophageal temperature was kept between 35°C 
and 37°C by warming intravenous fluids, heated 
humidification of inspired gases, and adjustment of 
operating room temperature. 

The mechanomyogram of thumb adduction was 
quantified with a Grass FT-10 force displacement 
transducer. Single twitch of the thumb was evoked at 
0.15 Hz using supramaximal square-wave pulses 0.2 
ms in duration, generated by a Grass 588 stimulator 
and applied through a stimulus isolation unit to the 
ulnar nerve at the wrist via two 23-gauge steel needle 
electrodes placed 3 cm apart. Train-of-four stimula- 
tion (2 Hz for 2 s) was applied during recovery from 
neuromuscular blockade. All measurements were re- 
corded on a Grass model 7 polygraph. 

After stabilization of the baseline twitch response 
and achievement of a stable end-tidal isoflurane con- 
centration, a single rapid intravenous bolus injection 
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Table 1. Neuromuscular Effects of Doxacurium 


Young Elderly 

(n = 8) (n = 8) 
Maximum block (%) 36.6 + 1.8 96.4 + 1.3 
Time to 90% block (min) SrL 7.8 + 0.7 
Time to maximum block (min) 7.7 £ 1.0 12 ee 
Begin recovery (min) 40.5 + 6.4 44.8 + 10.6 
Time to 5% recovery (min) . 54.8 + 9.0° 82.6 + 17.2° 
Time to 25% recovery (min) 67.5 + 8.27 97.1 + 20.14 


Values are expressed as mean + $3. 
“P < 0.05 compared with the young group. 


by = 6, 
“yn == 4, 
dy x 7, 


of doxacurium chloride (25 g/kg) was given over 5 s. 
Blood pressure was taken every minute for the first 10 
min after injection and every 5 min thereafter. Blood 
samples for determination of plasma concentration of 
doxacurium were drawn from a separate large-bore 
venous sampling catheter at 0, 2, 5, 10, 20, 30, 45, 60, 
90, 120, 180, 240, and 360 min after injection. Urine 
was collected from seven patients (four elderly; three 
young) for up to 24 h to measure recovered doxacu- 
rium. All samples were analyzed by high-pressure 
liquid chromatography according to the method of 
DeAngelis et al. (10). 

The plasma doxacurium concentration data were 
fitted to both two- and three-compartment models 
using an iteratively reweighted nonlinear least- 
squares regression program, NONLIN (11). The vari- 
ance model in this regression analysis was the recip- 
rocal of the concentration. Goodness of fit was 
assessed by the minimum sum of squares. Selection 
of an appropriate model to describe patient data was 
based on Akaike’s Information Criterion (12). Phar- 
macokinetic parameters, including clearance (Cl) and 
volume of distribution at steady state (Vd,,), were 
calculated according to standard equations based on 
statistical moments. Elimination half-life (1. g) was 
determined by log linear regression analysis of the 
plasma doxacurium concentrations during the termi- 
nal phase. Comparisons between the young and the 
elderly were made using Student's t-test and analysis 
of variance, with a P value of less than 0.05 consid- 
ered to be significant. Nonparametric analysis was 
made using the Kruskal-Wallis test. 


Results 


The neuromuscular effects of doxacurium are sum- 
marized in Table 1. Maximum block was 96.6% = 
1.8% for the young as compared with 96.4% + 1.3% 
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Figure 1. Individual patient plasma concentration-time profile af- 
ter a 25-ug/kg bolus injection of doxacurium chloride. 


for the elderly. The time to maximum block was 
found to be significantly different in the elderly 
subjects (11.2 + 1.1 min versus 7.7 + 1.0 min in the 
young). The time until the beginning of recovery, 
40.5 + 6.4 min for the young, was not significantly 
different from that for the elderly (44.8 + 10.6 min). 
Recovery times of twitch height to 5% and 25% of 
baseline tended to be more prolonged and demon- 
strated a larger variation in the elderly, although 
these were not statistically different from those in the 
young. 

Individual plasma concentration decay curves, 
given in Figure 1, show a typical multicompartment 
elimination, with no -apparent differences between 
the elderly and the young patient. Supportive evi- 
dence is shown in Table 2, which summarizes the 
pharmacokinetic results. Clearance and elimination 
half-life were similar in both patient groups. How- 
ever, volume of distribution at steady state was found 
to be significantly larger in the elderly (220 + 80.2 
mL/kg) when compared with the young (150 + 40.0 
mL/kg). 

Mean urinary excretion of unchanged doxacurium 
was 25% of the injected dose in the elderly patients, 
whereas 31% was recovered unchanged in the 
young. 

No significant effect on mean arterial pressure or 
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Table 2. Pharmacokinetic Parameters for Doxacurium 


Young Elderly 

(n = 8) (n = 8) 
tye p (min) 86 + 50 96 + 20 
Vd,, (mL/kg) 150 + 40 220 + 80.27 
Cl (mL-kg~--min™") 2.22 + 1.09 2.47 + 0.69 


ty g, elimination half-life; Vd,,, volume of distribution at steady state; 
Cl, clearance.. 

Values arz expressed as mean + sD. 

"P < 0.05 compared with the young group. 


Table 3. Maximum Cardiovascular Changes From 
Preinjecticn Values During the First 5 Min After 
Doxacurium Administration 





Young Elderly 
Pre Post Pre Post 
Arterial pressure 77+2.8 75414 $814+40 84+ 2.0 
(mm Hg) 
Heart rate 6642.5 67414 59+26 5741.3 
(beats/min) 


Pre, preinjection; post, postinjection. 
Values are given as mean + SE. 


heart rate was seen in either the young or the elderly 
after doxacurium bolus injection. Mean pressure in 
the elder-y varied from 81 + 4mm Hg preinjection to 
84 + 2mm Hg postinjection, with a heart rate change 
of 59 + 2.6 beats/min to 57 + 1.3 beats/min. In the 
young, mean pressure varied from 77 + 2.8 mm Hg 
preinjection to 75 + 1.4 mm Hg postinjection, with a 
heart rate change of 66 + 2.5 beats/min to 67 + 1.4 
beats/min (Table 3). 


Discussion 


The normal physiologic changes in organ function 
seen in the elderly do not appear to have a significant 
effect or: the neuromuscular or pharmacokinetic 
properties of doxacurium with the exception of (a) 
slower onset time to maximum blockade; (b) slightly 
larger volume of distribution; and (c) a trend toward 
longer and more variable block duration in the el- 
derly. Differences in initial fluid volume status, intra- 
operative blood loss, fluid replacement, and protein 
binding between the young and the elderly patients 
might account for the observed difference in volume 
of distritution at steady state. Initial fluid loading of 
the elderly was 1750 + 707 mL (mean + sp) as 
compared with the young (1063 + 563 mL). Elderly 
subjects also sustained a larger average blood loss of 
1637 mL {range, 125-4630 mL) as compared with their 
young counterparts (313 mL; range, minimal loss to 
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1800 mL). Total fluid replacement (5894 + 3412 mL) 
was greater in the elderly than in the young (2588 + 
1816 mL). These differences were statistically signifi- 
cant (P < 0.05) and would tend to lower measured 
drug concentrations and elevate calculated volumes 
of distribution at steady state in the elderly. Such 
changes should not be expected to have a significant 
effect on the calculated plasma clearance of the drug. 
The unchanged clearance of doxacurium with a larger 
volume of distribution at steady state in the elderly 
population might explain the somewhat longer and 
more varied recovery times seen in this group. Re- 
view of individual patient results shows that the 
clinical duration of effect (injection to 25% recovery) 
was prolonged in some elderly patients (range, 35.6- 
178.7 min, versus 35.0-89.8 min in the young). This 
suggests that a subset of the elderly patients might be 
expected to experience a relatively long period of 
neuromuscular blockade. This observation is not eas- 
ily explained by differences in age, estimated renal 
function (as measured by serum creatinine), or esti- 
mated pharmacokinetic parameters. 

The decline of plasma doxacurium concentrations 
was best described as triphasic in some patients and 
biphasic in others. Hence, the selection of a unique 
two- or three-compartment model to describe the 
pharmacokinetics of doxacurium in humans cannot 
be made on the basis of present observations. Such 
kinetic behavior, although unusual, has also been 
observed with vecuronium (13). 

Differences in drug distribution might be expected 
with bulky, charged structures characteristic of non- 
depolarizing muscle relaxants. After initial redistribu- 
tion, these compounds are largely confined to the 
extracellular fluid compartment and typically have 
depended on urinary excretion for their elimination. 
The small mean Vd,, of doxacurium (150-220 mL/kg) 
is consistent with the physicochemical properties of 
this large, polar compound with a molecular weight 
of over 1100 daltons. The mean plasma clearance for 
doxacurium (2.22-2.47 mL-kg™!-min™*) is compara- 
ble to published values for several long-acting non- 
depolarizing muscle relaxants including d-tubo- 
curarine, gallamine, alcuronium, and pancuronium 
(14). 

Well-documented decreases in glomerular filtra- 
tion rate and renal plasma flow in the elderly have 
been linked to the prolonged elimination half-life and 
decreased clearance seen with long-acting neuromus- 
cular blocking agents. Appropriate adjustments in 
dosage have been made on purely pharmacokinetic 
considerations, and have been supported with mon- 
itoring data using peripheral nerve stimulation (see 
below). 
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Matteo et al. (6) described markedly altered phar- 
macokinetic parameters for d-tubocurarine and meto- 
curine in the elderly. In patients 70-87 yr of age, a 
decreased plasma clearance and volume of distribu- 
tion, as well as a prolonged elimination half-life, was 
found when the data were compared with results in 
29-59-yr-old patients. Likewise, recovery index was 
significantly longer in the elderly. However, no dif- 
ference in the plasma concentration/twitch response 
relationship was found. The authors concluded that 
altered sensitivity to d-tubocurarine or metocurine 
could not explain these differences seen in the el- 
derly; rather, age-related changes in the pharmacoki- 
netics of the drugs seemed responsible. 

Among the first to study the effects of age on the 
kinetics of muscle relaxants, McLeod et al. (4) dem- 
onstrated a decrease in plasma clearance of pancuro- 
nium with increasing age without corresponding 
differences in its volume of distribution. In fact, 
patients in the third decade of life cleared this relax- 
ant twice as fast as those in the ninth decade. Later 
studies (5) showed a 35% decrease in plasma clear- 
ance of pancuronium and delayed urinary excretion 
in patients more than 75 yr old. Slower clearance 
resulted in a prolonged elimination half-life in the 
elderly. Duvaldestin et al. (5) also concluded that 
prolonged recovery times in the elderly were not due 
to changes in the pharmacodynamics of pancuro- 
nium because plasma concentration/response rela- 
tionships in the elderly were comparable to observa- 
tions in a younger group. 

Studies with the intermediate-acting relaxant vecu- 
ronium have demonstrated a prolonged recovery 
index (8) and significantly lower plasma clearance 
and volume of distribution in the elderly. These 
changes can be explained by diminished total body 
water content and organ reserves in the elderly. 
Rupp et al. (15) showed that the C,.,—the steady 
state concentration of vecuronium that results in 50% 
paralysis—was similar in young and elderly patients. 
This observation supports unaltered pharmacody- 
namics of this drug in aging populations. 

Atracurium is inactivated by Hoffman elimination 
and hydrolysis by nonspecific plasma esterases. Its 
elimination is largely organ-independent. As a result, 
age-related changes in kinetics or recovery times are 
not usually found (16,17). A later study (18) does 
suggest, however, that in a small elderly patient 
sample, age-related changes in protein binding might 
account for the measurement of a larger Vd,,. This, 
together with a slightly greater nonorgan clearance 
and decreased organ clearance of atracurium, re- 
sulted in a longer elimination half-life. Kent et al. (19) 
showed no difference in clearance, volume of distri- 
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bution, or mean residence time with atracurium in 
the elderly, although a clinically insignificant increase 
in elimination half-life was found. A different meth- 
odology could also explain these authors’ rather 
unique results. 

Preliminary studies with doxacurium suggest a 
significant hepatobiliary pathway for its elimination 
(Dresner DL, Basta SJ, Savarese JJ, et al., unpublished 
data). Biliary concentrations of doxacurium were 13- 
445 times higher than the plasma concentrations in 
five patients undergoing cholecystectomy. In vitro 
data have shown doxacurium to be a weak substrate 
for plasma cholinesterase (9). When enzyme-cata- 
lyzed rate of hydrolysis by human cholinesterase was 
estimated at high substrate concentrations, doxacu- 
rium hydrolysis occurred at 6% the rate of succinyl- 
choline. 

Although the relative roles of renal elimination, 
biliary excretion, and enzymatic hydrolysis of dox- 
acurium in plasma have yet to be clarified, all these 
routes may be operative in human subjects. The 
similar neuromuscular blocking effects and kinetics of 
doxacurium in young and elderly patients may be 
due to these several influences on drug clearance. 
The data in the present study suggest that the dosage 
of doxacurium in elderly patients is similar to regi- 
mens used in younger populations. 
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Changes in Cerebral Blood Flow Velocity After Release of 
Intraoperative Tourniquets in Humans: 


A Transcranial Doppler Study 
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HIRST RP, SLEE TA, LAM AM. Changes in cerebral 
blood flow velocity after release of intraoperative 
tourniquets in humans: a transcranial Doppler study. 
Anesth Analg 1990;71:503-10. 


The effect of release of intraoperative thigh tourniquets on 
velocity of blood flow in the middle cerebral artery was 
examined in five patients given general anesthesia with 
controlled ventilation for lower extremity orthopedic proce- 
dures using transcranial Doppler sonography. Middle ce- 
rebral artery blood flow velocity increased significantly from 
52 + 6 (SEM) to 82 + 24 cm/s (an increase of 58% + 13%) 
within 4 + 1 min after tourniquet release and remained 


Pneumatic tourniquets are commonly used during 
orthopedic procedures on the extremities to provide a 
bloodless surgical field. While the tourniquet is in- 
flated, metabolic changes occur in the ischemic limb, 
changes that include increased Paco, lactic acid, and 
potassium, and decreased levels of Pao, and pH 
(1-5). Deflation of the tourniquet results in the release 
of these products of ischemia into the general circu- 
lation. The resultant decreases in arterial pH and 
Pao, and increases in arterial lactic acid, potassium, 
Paco,, and Perco, (5-10) are associated with signifi- 
cant decreases in mean arterial and central venous 
pressures and increases in heart rate (6,9,11). The 
clinical significance of these changes is not yet clear, 
even though in healthy individuals no significant 
adverse effects have been observed. 

In normal patients the role of Paco, as a major 
regulator of cerebral vasomotor tone has been well 
studied. Elevations of Paco, result in cerebral vaso- 
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significantly elevated for 7 min. A positive linear correla- 
tion was found between middle cerebral artery blood flow 
velocity and PETCO, on each occasion (0.97 = r = 0.84, 
0.001 > P > 0.0001) after tourniquet deflation. Assuming 
a linear relationship between flow velocity and flow, these 
findings suggest that significant increase in cerebral blood 
flow can occur after intraoperative tourniquet release and 
that this increase appears to be mostly CO,-dependent. 


Key Words: BRAIN, BLoop rLow—tourniquet 
release. EQUIPMENT, TOURNiIQUETS—cerebral blood 
flow after release. 


dilation and increased cerebral blood flow (CBF), 
whereas lowering Paco, has the reverse effect. The 
rapid increase in Paco, after thigh tourniquet release 
would be expected to result in a corresponding in- 
crease in CBF. Although this transient increase in 
CBF is well tolerated in otherwise healthy patients, 
the concomitant increase in cerebral blood volume 
may cause an increase in intracranial pressure (ICP) 
in patients with intracranial space-occupying lesions 
and decreased intracranial compliance. Indeed severe 
increases in ICP after tourniquet release recently have 
been reported in such patients (12,13). The increase 
in ICP, coupled with a simultaneous decrease in 
systemic blood pressure, could lead to a severe re- 
duction in cerebral perfusion pressure with poten- 
tially disastrous consequences. 

In the present study, changes in middle cerebral 
artery (MCA) blood flow velocity after tourniquet 
release using transcranial Doppler sonography (TCD) 
were measured in five normal patients undergoing 
orthopedic procedures on the lower extremity requir- 
ing the use of a tourniquet. The purpose of the study 
was twofold: (a) to test the hypothesis that the release 
of thigh tourniquets during orthopedic procedures 
significantly increases MCA blood flow velocity; and 


504 ANESTH ANALG 
1990;71:503-10 


(b) to characterize the time-course of the change in 
MCA flow velocity in relationship to the change in 
PETCO3. 


Methods 


The study was approved by the Human Subjects 
Review Committee of the University of Washington. 
Five ASA physical status I patients, aged 28-60 yr, 
free of neurologic and cerebrovascular diseases, who 
were undergoing orthopedic procedures requiring 
the use of a tourniquet on the lower extremity, were 
studied. Patient 1 had a tourniquet applied to both 
legs consecutively; each was released at a different 
time, and data were collected after each release and 
treated separately. 

Anesthetic induction was carried out with 4-5 
mg/kg thiopental and 2-3 pg/kg fentanyl or 25 pg/kg 
alfentanil, followed by 1 mg/kg succinylcholine or 0.1 
mg/kg vecuronium. After tracheal intubation, venti- 
lation was controlled and adjusted to maintain 
PETco, between 30 and 38 mm Hg with tidal volume 
between 10 and 12 mL/kg and respiratory rate of 8-10 
per minute. End-tidal carbon dioxide pressure was 
measured continuously with a capnograph (Spacelab, 
Redmond, Wash.). Anesthesia was maintained with 
isoflurane (0.5%-1.5% inspired), 60% N.O, and vecu- 
ronium as required; most patients also received an 
infusion of fentanyl or alfentanil (Table 1). Other 
monitoring included pulse oximetry, electrocardio- 
gram, and noninvasive blood pressure measurement 
with oscillometry. 

The TCD (Medasonics, Mountainview, Calif.) 
probe that transmits a 2-MHz pulsed wave was 
positioned over the left temporal bone window and 
anchored using a head harness so that the angle of 
insonation remained constant throughout the study. 
Doppler signals from the left MCA were identified 
and measured at a depth of 45 mm. The shift in 
frequency spectra of the Doppler signals converted 
into velocity was displayed on a video monitor and 
peak systolic and diastolic MCA flow velocities in 
centimeters per second were obtained by manually 
manipulating the cursor to read the average value 
from two to three cardiac cycles. When respiratory 
fluctuations were evident, care was taken to obtain 
the values only during end-expiration. The time- 
mean velocity, considered to be the most physiologic 
measure of flow velocity (14), is normally displayed 
by the equipment in a continuous manner. This 
function, however, was rendered inaccurate during 
intraoperative recordings because of artifacts gener- 
ated from the electrocardiogram. Mean MCA flow 
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velocity was therefore calculated from systolic and 
diastolic velocities using the following formula: mean 
MCA flow velocity = (systolic velocity — diastolic 
velocity)/3 + diastolic velocity. 

Baseline measurements of blood pressure, heart 
rate, and systolic and diastolic MCA velocities with 
stable Perco, were established immediately before 
tourniquet release. Tourniquet pressure was 300 mm 
Hg, for each procedure, and the duration of inflation 
was recorded. After release of the tourniquet, blood 
pressure, heart rate, systolic and diastolic MCA flow 
velocities, and Perco, were measured every minute 
for 10 min or until the MCA flow velocity had 
returned to within 10%, and Perco, was within 2 mm 
Hg, of their respective baseline values. During the 
measurement periods, tidal volume and minute ven- 
tilation were maintained unchanged. 

For statistical analysis one-way analysis of variance 
for repeated measures was used. Where significant 
differences were found, a multiple comparison pro- 
cedure (Tukey’s test) was used for further analysis. A 
P value of less than 0.05 was considered statistically 
significant. Linear regression analysis was used for 
comparing changes in MCA blood flow velocity with 
changes in Perco,. All values are expressed as mean 
+ sEM unless otherwise specified. 


Results 


Patient characteristics, including age, weight, sex, 
type of surgery, type of anesthesia, and tourniquet 
inflation times, are summarized in Table 1. Mean 
MCA blood flow velocity increased within 2 min of 
tourniquet deflation and reached a maximum of 82 + 
24 cm/s in 4 + 1 min (Figure 1). This represents a 58% 
+ 13% increase above baseline values. Although the 
increase in mean MCA blood flow velocity reached 
statistical significance only from 2 to 7 min, it re- 
mained above baseline when the study was termi- 
nated at 10 min (Figure 1). (In two of the six studies, 
the MCA flow velocity did not return to within 10% 
of baseline until after 15 min. These two patients also 
had elevated Perco, for similar durations: see below.) 
There was a correspondingly rapid increase in Perco, 
after tourniquet release. The time-course of the mean 
PETCO, after tourniquet deflation is displayed in Fig- 
ure 2, The increase was most rapid within 1 min of 
deflation. The maximum level of Perco, achieved, 
44 + 5 mm Hg (an increase of 34% + 12%), occurred 
2 + 0.4 min after release. The mean time for PETco, to 
return to within 2 mm Hg of baseline was 8 + 1 min 
except in two patients, in whom Petco, did not 
satisfy this criterion until 14 and 19 min. Both patients 
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Table 1. Patient Profile 


Age Weight 
Patient (yr) (kg) Sex Surgery 

1 41 90 M Bilateral ankle ORIF 

2 42 71 M Right calcaneus ORIF 

3 30 45 F Right ankle ORIF 

4 60 90 F Left foot revision 
Triple arthrodesis 

5 28 70 M Right ankle 

arthroscopy 
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Duration of tourniquet 


Anesthesia inflation (min) 
ISF (0.5%), N,O, fentanyl infusion Right: 77; Left: 104 
ISF (1.5%), N,O 121 
ISF (0.75%), N,O, fentanyl infusion 120 
ISF (0.75%), N,O, fentanyl infusion 60 
ISF (0.5%), N20, alfentanil 66 


ORIF, open reduction and internal fixation; ISF, isoflurane; N20, nitrous oxide. 
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Figure 1. Mean MCA flow velocity values after tourniquet release 

at time 0. Middle cerebral artery flow velocity peaked at about 4 

min and remained significantly above baseline values from 2 to 7 


min (P < 0.05). *P < 0.05 vs time 0. Bars indicate standard error of 
the mean. 


had tourniquets inflated for more than 90 min (104 
and 120 min, respectively). The difference between 
the time to maximum Petco, and the maximum 
mean MCA blood flow velocity was statistically sig- 
nificant (P = 0.025, unpaired t-test). Maximum 
changes and times of occurrences of these peaks are 
shown in Table 2. 

Significant hemodynamic changes also occurred 
after tourniquet deflation: heart rate increased by a 
maximum of 8 + 3 beats/min (P < 0.005, paired 
t-test), but the transient increase over time did not 
reach statistical significance (P = 0.06, analysis of 
variance with repeated measures) (Figure 3), and 
there was an immediate decline in mean blood pres- 
sure. The decrease in blood pressure was statistically 
significant only for the first 4 min, although blood 
pressure remained below baseline values at the end 
of the study (Figure 4). 

A strongly positive correlation between mean 
MCA flow velocity and Perco, determined by linear 
regression analysis was demonstrated in all six stud- 
ies (0.97 = r = 0.84, 0.001 > P > 0.0001). A repre- 
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Figure 2. End-tidal carbon dioxide pressure levels after tourniquet 
release at time 0. End-tidal carbon dioxide pressure peaked around 
2 min and remained significantly above baseline values from 1 to 8 
min (P < 0.05). *P < 0.05 vs time 0. Bars indicate standard error of 
the mean. 


sentative plot is shown in Figure 5. The mean slope, 
calculated from each linear regression slope ex- 
pressed as a percentage of the velocity at Petco, of 40 
mm Hg, is 3.3% + 0.6% mm Hg™ of Petco,. When 
each MCA flow velocity data point is normalized in 
the same fashion, i.e., expressed as a percentage of 
the velocity at Perco, of 40 mm Hg as determined by 
individual linear regression analysis, and plotted 
against the respective PETCO,, a strong linear relation- 
ship is again obtained, with a slope of 3.2% (Figure 
6), essentially the same as the value obtained by 
averaging the individual slopes. Such normalization 
is necessary because there is considerable variation in 
MCA flow velocity as well as in Perco, values before 
tourniquet release. 

The relationship between tourniquet time and 
maximum percent change in mean MCA flow veloc- 
ity and maximum Petco, was also compared using 
linear regression analysis. There was no correlation 
between tourniquet time and maximum percent 
change in mean MCA flow velocity (r = 0.176, P = 
0.74). A weakly positive correlation was. observed 
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Table 2. Mean Middle Cerebral Artery Flow Velocity 


Values and Perco, Before and After Tourniquet Deflation 


Variables Mean + SEM 
MCA flow velocity before release (cm/s) 52.26 
Maximum MCA flow velocity after release (cm/s) 82 + 12° 
Maximum increase in MCA flow velocity (%) 58 + 13° 
Time to maximum MCA flow velocity (min) 4+ 0,4° 
Time for MCA flow velocity to return to within 6.8 + 1° 
10% of baseline levels (min) 

Baseline Perco, (mm Hg) 3342 
Maximum Perco, (mm Hg) 44 + 5 
Maximum increase in Petco, (%) 34 + 12 
Time to maximum Perco, (min) 2 + 0.4? 
Time for Perco, to return to within 2 mm Hg of 8 + 1° 


baseline (min) 


MCA, middle cerebral artery; Perco2, end-tidal carbon dioxide pressure. 

aP < 0.05 versus baseline. 

Statistically significant (P = 0.025) difference between time to maximum 
mean MCA velocity and time to maximum Prrco,. 

“n = 4; two patients did not meet these criteria until 15 and 18 min for 
MCA velocity, and 14 and 19 min for Perco,, respectively. 
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Figure 3. Mean arterial blood pressure values after tourniquet 
release at time 0. The immediate decrease in mean arterial blood 
pressure remained statistically significant for 4 min. There was no 
apparent explanation for the dip at 9 min. *P < 0.05 vs time 0. Bars 
indicate standard error of the mean. 


between tourniquet time and maximum percent 
change in Perco, (r = 0.678, P = 0.14). 


Discussion 


Our data show a dramatic increase in MCA flow 
velocity after tourniquet release, an increase that 
correlates strongly with the increase in Perco. The 
changes in Prerco, after tourniquet release were sim- 
ilar to what have been observed in previous studies 
(8-10). There appears to be a time lag between the 
increase in Perco, and the increase in MCA flow 
velocity as demonstrated by the significant difference 
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Figure 4. Heart rate values after tourniquet release at time 0. 

Because of variation of the baseline heart rate between subjects, the 

transient increase did not reach statistical significance (P = 0.06). 


The maximum increase of 8 beats/min was significant (P < 0.005). 
Bars indicate standard error of the mean. 


between time to peak PETco, and time to peak MCA 
flow velocity. This is also observable by comparing 
the shape of the curves when Petco, is plotted 
against time and when MCA flow velocity is plotted 
against time in Figures 1 and 2. Despite this, the two 
variables were positively related in a linear fashion 
(Figures 5 and 6). We interpret this to mean that CBF 
increases significantly after tourniquet release, and 
most if not all of this increase can be accounted for by 
the concomitant increase in COQ). 

The validity of measuring MCA blood flow veloc- 
ity as an index of CBF needs comment. This nonin- 
vasive technique of measuring CBF velocity was first 
introduced by Aaslid et al. in 1982 (15), The main 
assumption is that the caliber of the MCA is constant 
during changes in PETCO,. Because blood flow is 
equal to the product of instantaneous flow velocity 
and the cross-sectional area of the vessel, a change in 
vessel diameter could have a significant effect on flow 
velocity. Available evidence suggests that the as- 
sumption is probably valid (16), although questions 
have been raised regarding the influence of blood 
pressure changes on the diameter of these cerebral 
arteries (17). Angiographic evidence suggests the 
caliber of the large basal cerebral arteries remains 
constant during changes in Paco, (18). Moreover, 
studies of cerebrovascular reactivity to changes in 
Pco, using TCD technology (19,20) have yielded 
similar results to those obtained with direct measure- 
ments of CBF (21,22). If no change in the caliber of the 
MCA occurs, then changes in MCA flow velocity can 
be considered proportional to blood flow. However, 
this remains a potential source of error when extrap- 
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olating flow velocity measurements to levels of CBF. 
Considering the large changes in MCA flow velocity 
seen in this study, this error is, however, likely to be 
small. Moreover, should vasodilation of the conduc- 
tance vessels occur during the study, the error com- 
mitted would be one of underestimation of the actual 
increase in CBF and our observations would remain 
qualitatively valid. Nevertheless, it should be empha- 
sized that because there is considerable variation in 
the diameter of MCA and therefore in flow velocity 
between individuals (15), the absolute CBF cannot be 
estimated from velocity measurements. Within a 
given individual, however, simultaneous measure- 
ments of CBF and MCA flow velocity have demon- 
strated a good correlation between proportional 
changes in these two parameters to changing levels of 
CO, (23). 

Several other factors may influence the accuracy of 
the MCA flow velocity measurement. The angle 
between the ultrasound beam and the course of the 
vessel under study affects the magnitude of the flow 
velocity reading, which is a function of the cosine of 
this angle (15). As the angle between the Doppler 
signal and flow increases, the apparent MCA flow 
velocity decreases. The MCA is chosen for flow 
velocity measurements as the angle of the Doppler 
signal to flow is small. Moreover, the angle of in- 
sonation was fixed using a head harness in this 
study, thus assuring that any inherent error re- 
mained constant within any individual patient so that 
measurement of changes remained valid. However, 
this may be a source of error when comparisons are 
made between patients. Thus, for the calculation of 
the mean slope of the MCA flow velocity-Prerco, plot 


4 35 36 
PETCO2(mmHg) 


37 38 39 40 41 


Figure 5. A representative plot of mean MCA flow velocity versus 
Petco,. A strong positive linear relationship is identified. 


it was necessary to normalize all data to individual 
MCA flow velocity at Perco, of 40 mm Hg. Respira- 
tory fluctuations in MCA flow velocity were also 
evident in some patients, especially at lower Petco, 
levels. Every attempt was therefore made to measure 
the MCA flow velocity consistently in the end- 
expiratory phase averaged over two to three cardiac 
cycles. Despite these shortcomings, TCD is presently 
the most ideal or appropriate methodology for a 
study such as this because the rapid and transient 
changes in CBF after tourniquet release require in- 
stantaneous and continuous measurements that can- 
not be made with currently available methods for 
measurement of CBF. 

Other changes that occur after tourniquet release, 
including decreases in Pao, and pH and increases in 
lactic acid, were not measured in this study. Moder- 
ate changes in Pao, above 100 mm Hg have no 
significant effect on CBF. With more significant de- 
creases in Pao, (to less than 50 mm Hg), CBF in- 
creases. Patients in this study were given 40% oxygen 
in the inspired gas, and arterial oxygen saturation by 
pulse oximetry was maintained above 96%. Changes 
in arterial pH of metabolic origin have little effect on 
CBF. Increased blood levels of lactic acid has, in some 
animal studies, been shown to increase CBF indepen- 
dently of changes in pH (24). Our results, however, 
suggest that these metabolic factors probably play a 
minor role in the increase of CBF after tourniquet 
release because the slope of the MCA flow velocity- 
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0.87, p = 0.0001) 
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Figure 6. A composite plot of normalized MCA flow velocity 
versus PErco, using all data collected. Middle cerebral artery 
velocity was normalized by expressing the absolute velocity as a 
percentage of the velocity at Petco, of 40 mm Hg determined from 
individual linear regression analysis. A strong linear relationship is 
evident, with r = 0.87 and P = 0.0001. The slope derived is 3.2, 
indicating that the flow velocity changes by 3.2% per mm Hg 
change in Petco, 


PETCO, regression is essentially the same as two 
previous studies on CO, reactivity using the TCD 
(19,20). Had these metabolic factors contributed to 
the increase in CBF, one would anticipate a steeper 
slope, or at least a higher flow for any given CO, 
during the initial minutes. Such trends were not 
evident. There are differences between the present 
study and the two earlier studies (19,20). The subjects 
in the other two studies were healthy, awake volun- 
teers, whereas our patients were anesthetized. An- 
other difference is the dynamic nature of the changes 
in Perco, and MCA flow velocity in the present 
study. Rather than measuring these variables at 
steady state both were changing over the course of 
the study. The primary purpose of our study, of 
course, was not to measure the cerebrovascular-CO, 
response, but to document the change in CBF as 
reflected by the MCA flow velocity after tourniquet 
release. These differences notwithstanding, our re- 
sults are remarkably similar to those of these previous 
reports. 

As demonstrated in Figures 1-4, tourniquet release 
is followed by an immediate increase in Perco, with 
a corresponding increase in MCA flow velocity. The 
mean slope of 3.2% is similar to previously reported 
values for cerebrovascular-CO, response (19,20) and 
suggests that the increase in MCA flow velocity can 


be entirely accounted for by the increase in CO. 
Although in most patients both variables returned to 
near baseline values within 8 min, in two instances 
the increases in MCA flow velocity and Pgrco, were 
sustained for 15 min after tourniquet release. Not 
surprisingly, in both cases the tourniquet time was 
relatively long compared with the others (104 and 120 
min). Because the magnitude of increase in CO, and 
consequently MCA flow velocity are dependent not 
only on ischemic time, but also on the metabolic rate 
and the muscle and tissue bulk rendered ischemic, 
the relationship between tourniquet time and rise in 
CO, is only a weak one in the present study. The 
small sample size may also have been a contributing 
factor. 

Despite the strong linear relationship, we ob- 
served a difference in the time of maximum increase 
in Petco, and MCA flow velocity with the latter 
lagging behind the former by about 2 min (Table 2 
and Figures 1 and 2). Several possible explanations 
for this exist. There could be a time lag in cerebrovas- 
cular responses to the change in CO,. This is, how- 
ever, unlikely because the time constant of this 
change has been shown to be quite short (25). Be- 
cause this was intended to be a noninvasive study, 
we did not measure Paco,, and it is conceivable that 
a discrepancy may exist between Paco, and PETco,, 
one that accounts for these observations. However, 
Patel et al. (8) studied both variables after tourniquet 
release in humans and found an identical pattern for 
Paco, and PrTco,, although the Paco, values were 
slightly higher. The use of Petco, instead of Paco,, 
therefore, cannot account for the observed difference, 
nor is the slope that is calculated from Perco, ad- 
versely affected, because percentage changes rather 
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than absolute values are used. A more plausible 
explanation for the lack of correlation between MCA 
flow velocity and Perco, peaks lies with the statisti- 
cally significant decrease in mean blood pressure that 
occurred over the period between tourniquet release 
and maximum MCA flow velocity (Figure 3). Harper 
had previously demonstrated that cerebral vasodila- 
tion secondary to hypercapnia can abolish autoregu- 
lation and render the cerebral circulation pressure- 
passive (26). Similar observations on flow velocity 
have also been made by Aaslid et al. (16). The 
immediate decrease in mean blood pressure after 
tourniquet release seen in the present study, accom- 
panied by an increase in Pco,, may have the effect of 
reducing the initial rise in MCA flow velocity. Alter- 
natively, vasoactive metabolic products such as lactic 
acid and potassium released after tourniquet release, 
although not contributing directly to the increase in 
CBF, nevertheless rendered the cerebral circulation 
pressure-passive. A combination of these factors may 
therefore explain the time-course differences between 
MCA flow velocity and Prrcop. 

That Paco, levels are a major regulator of cere- 
brovascular tone, and that a strong correlation existed 
between MCA flow velocity and PETco, after tourni- 
quet release support the hypothesis that changes 
in Perco, are the major reasons for the increased 
MCA flow velocity in this study. These observations 
have important clinical implications. Although the 
increase in MCA flow velocity and, by inference, 
CBF is transient in most cases, and well tolerated 
by otherwise healthy patients, in patients with in- 
creased ICP the accompanied increase in cerebral 
blood volume from vasodilation may be detrimental 
and may contribute to secondary brain injury, par- 
ticularly when a long tourniquet time is used. More- 
over, this may not be immediately obvious to the 
attending anesthesiologist because not all patients 
with suspected decreased intracranial compliance 
have their ICP monitored. Transcranial Doppler 
monitoring is noninvasive and would be a viable 
option in these patients. Or, more simply, because 
we have demonstrated that this increase in CBF 
is likely entirely CO2-mediated, it would be prudent 
to treat the increase in CO, promptly by hyperventi- 
lation. Whether a period of hyperventilation imme- 
diately before tourniquet release would prevent the 
increase in CBF remains to be investigated. 


The authors thank Drs. Benirschke, Sangeorzan, and Mayo for 
permission to study their patients, Nancy Sundling for technical 
and statistical assistance, and Medasonics for supplying the equip- 
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Comparison of Propofol and Thiopental/Halothane for Short- 
Duration ENT Surgical Procedures in Children 
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Comparison of propofol and thiopental/halothane for 
short-duration ENT surgical procedures in children. 
Anesth Analg 1990;71:511-5. 


Experiences with propofol in pediatric anesthesia are lim- 
ited. We undertook a study to evaluate the quality of 
induction and recovery from anesthesia with propofol com- 
pared to thiopental/halothane. Twenty children received 3 
mg-kg~*-min™' of propofol as a loading dose followed by a 
maintenance dose of 0.1 mg-kg—!-min~" (+10%). Twenty 
children received 5-7 mg/kg of thiopental, and maintenance 
was provided with halothane (0.5%-1.5%). The interval 
between the end of the administration of propofol or thio- 
pental/halothane and extubation, as well to discharge to the 


Propofol is a relatively new intravenous anesthetic (1) 
for induction and maintenance of anesthesia. It has 
many advantages, including pharmacokinetic prop- 
erties contributing to rapid induction and recovery 
times (2,3). In contrast to studies in adults, there is 
little experience with propofol in pediatric anesthesia. 
Therefore we undertook a study to evaluate the 
quality of induction and recovery from anesthesia 
with propofol compared to thiopental/halothane in 
children having ear, nose, or throat (ENT) surgery of 
short duration. 


Patients and Methods 


Forty children aged 3-8 yr were studied after hospital 
ethics committee approval had been obtained. Pa- 
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ward, was significantly shorter with propofol (4.4 versus 
13.5 min and 7.22 versus 30.4 min, respectively). Spon- 
taneous movements and pain on injection were seen signif- 
icantly more frequently with propofol, whereas laryngo- 
spasm and hiccup were only observed with thiopental. 
During the first 6 h after the surgical procedure, analgesics 
were needed significantly more ojten in the thiopental 
group. Nausea and vomiting also were observed more 
frequently in the thiopental group. In conclusion, propofol 
used as a single anesthetic is a satisfactory technique for 
ENT surgery of short duration in children. 


Key Words: ANESTHESIA, PEDIATRIC-—propofol, 
thiopental. ANESTHETICS, INrRAVENOUS— 
propofol, thiopental. 


tients were ASA physical status I and were scheduled 
for short elective ENT procedures. Exclusion criteria 
included known allergy to the anesthetic drugs or 
their constituents, a history of previous adverse expe- 
rience to general anesthesia, the presence of psycho- 
motor retardation, and general anesthesia with 
halothane within the last 3 mo. 

All patients were premedicated with 0.04 mg/kg 
oral atropine 60 min before operation. On arrival in 
the anesthetic room, heart rate and systolic and 
diastolic blood pressures were recorded using an 
automatic device (Cardiocap Datex, Helsinki). Other 
monitors included an electrocardiograph, a pulse 
oximeter (Cardiocap Datex, Helsinki), a nerve stimu- 
lator (Dual Stim, Houston, Tex.), and a precordial 
stethoscope. A 20- or 22-gauge catheter was inserted 
into a vein on the dorsum of the hand or in the 
antecubital fossa. 

Children were randomly allocated in an open 
study to either group A (propofol) or group B (thio- 
pental/halothane). All patients were preoxygenated 
with 100% oxygen for 1 min. Group A received a 
loading dose of 3 mg/kg IV propofol immediately 
followed by a continuous infusion of 0.1 mg: 
kg” *-min~’ (+10%) using an automatic pump (IVAC 
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711, San Diego, Calif.). Group B patients were given 
5-7 mg/kg thiopental with maintenance of anesthesia 
provided by halothane (0.5%—1.5%). Tracheal intuba- 
tion was facilitated with 0.1 mg/kg IV vecuronium in 
both groups. A supplemental dose of vecuronium 
(one-third to one-fourth the initial dose) was given 
when necessary either as judged by the surgeon or as 
indicated by reappearance of more than two twitches 
out of four (nerve stimulator). Anesthetic depth was 
considered adequate if heart rate and blood pressure 
were maintained within 20% of preinduction values, 
with propofol and halothane concentrations adjusted 
as necessary for pressure and pulse rate to remain 
within this limit. 

Manual ventilation with 33% oxygen and 66% 
nitrous oxide was used in all patients. Hemoglobin 
saturation (Sao,) never decreased below 95%, and the 
end-tidal carbon dioxide tension (PECO,) was kept 
between 35 and 40 mm Hg. At the end of surgery the 
neuromuscular blockade was reversed with 0.02 
mg/kg atropine and 0.04 mg/kg prostigmine. Propo- 
fol, halothane, and nitrous oxide were discontinued 
as soon as the surgeon had terminated the operation 
(time “0” of the recovery period). 

The following conditions had to be fulfilled before 
extubation: four twitches before reversal of the neu- 
romuscular blockade; spontaneous coordinated 
movements of the arms; pupils normally dilated and 
central; spontaneous respiration (Peco, less than 45 
mm Hg and Sao, greater than 95% with 100% oxy- 
gen); and opening of the eyes either on command or 
spontaneously. Stimulation was not permitted except 
gentle endobuccal suction when necessary. 

After extubation the children were transferred to 
the recovery room, where the awakening was as- 
sessed. The following criteria for discharge to the 
ward had to be fulfilled: the child had to be awake 
and alert, able to sit unaided, and able to commu- 
nicate according to age and to execute simple 
orders. 

The recovery room nurses were responsible for the 
transfer of the children to the ward (according to the 
discharge criteria) and were not informed of the 
anesthetic drugs used. Neither opiates nor benzodi- 
azepines were given either as premedication or dur- 
ing surgery. 

Statistical analysis of the results was carried out 
using a nonparametric approach with the Mann- 
Whitney test and x° with Yates’ correction for small 
numbers when appropriate. Student’s t-test was 
used to compare demographic data. Results are given 
as mean + sEM. P < 0.05 was considered as signifi- 
cant. 
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Table 1. Characteristics of Patients 
Propofol Thiopental/halothane 
group group 
n 20 20 
Age (yr) 6.09 + 1.64 5.11 + 2.26 
(3-8) (38) 
Weight (kg) 20.5 + 9.07 21.5 + 5.96 
(16-32) (14.8-30" 
Sex (M/F) 9/11 8/12 
Operating time (min) of S121 34.9 + 11.35 
Type of surgery 
Adenoidectomy 6 5 
Tonsillectomy 7 8 
Adenoidectomy and 5 7 
tonsillectomy 
Other 2 


Values for age, weight, and operating time are mean + sp. Ranges are 
given in parentheses. 


Table 2. Interval Between End of Drug Administration 
and Extubation and Discharge From the Recovery Room 


Propofol Thiopentalhalothane 
group group 
Time to extubation (min) 4.4 + 0.74 13.5 + 2.32 
Time to discharge from 7.22 + 0.59 30.4 + 4.03 


recovery room (min) 


Values are mean + SEM. 


Results 


The ages, weights, sex, duration, and type of surgical 
procedures were similar in both groups (Table 1). 
There were 23 girls and 17 boys. 

The interval between the end of the administration 
of propofol or halothane and extubation was signifi- 
cantly shorter in group A (propofol): 4.4 + 0.74 min 
versus 13.5 + 2.30 min (P < 0.005) in group B 
(halothane) (Table 2). In group A, all patients fulfilled 
the extubation criteria, whereas in group B 16 of the 
20 patients (80%) did not open their eyes before 
extubation. However, extubation had to be per- 
formed because of coughing and struggling due to 
the presence of the endotracheal tube. 

The time between the end of the administration of 
propofol or halothane and the completion of the 
criteria for discharge from the recovery room was also 
significantly shorter with propofol (7.22 + 0.59 min) 
than with thiopental/halothane (30.4 + 4.03 min) (P < 
0.005) (Table 2). 

During induction in the propofol group, mean 
arterial pressure decreased 11.2% after 1 min to a 
maximum of 14.3% after 2 min. Heart rate remained 
stable or showed a slight decrease of 5%-19% of 
preinduction values. In the thiopental group mean 


PROPOFOL VERSUS THIOPENTAL/HALOTHANE IN CHILDREN 


Table 3. Incidence of Side Effects During Induction 


Propofol Thiopental/halothane 
Side effect group group 
Pain 5 (25%) _ 
Spontaneous movements 15 (75%) 4 (20%) 
Laryngospasm — 16%) 
Hiccup = 1 (5%) 
Table 4. Quality of Awakening 
Propofol Thiopental/halothane 
Activity group group 
Agitated, uncooperative, 1 (5%) 14 (70%) 
crying 
Nausea, emesis — 2 (10%) 
Need for analgesic 145%) 9 (45%) 


arterial pressure decreased by 13.5% after 1 min to a 
maximum of 15% after 90 s, whereas heart rate 
showed a slight increase of 8%-12% of preinduction 
values. During maintenance of anesthesia in both 
groups, heart rate and blood pressure remained sta- 
ble and were easily adjusted by slight increase or 
decrease of perfusion rate of propofol or percentage 
of halothane. 

Side effects during induction are summarized in 
Table 3. In group B pain was not experienced. In 
group A the incidence of pain on injection was 25%. 
Four of the children who had pain on injection had a 
22-gauge catheter inserted in the dorsum of the hand; 
one had a 22-gauge catheter in a small vein in the 
antecubital fossa. Spontaneous movements occurred 
during induction in 75% of children receiving propo- 
fol and in 20% receiving thiopental. Laryngospasm 
and hiccup occurred in one child in group B 
(halothane). 

Quality of recovery was excellent in all children in 
group A, except for one who cried, whereas 70% of 
the patients in group B were described as agitated, 
uncooperative, and crying. During the first six post- 
operative hours analgesics were needed in one child 
in group A (5%) and in nine (45%) in group B. Nausea 
and emesis were absent in group A but occurred in 
two children (10%) in group B (Table 4). 

All children in the propofol group were able to 
recall within 4 min of extubation the picture of a 
familiar animal (cat, dog) shown to them before 
induction. 


Discussion 


Recovery after propofol, one of the striking features 
of this drug, has been commented on by many 
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investigators: rapid emergence and minimal postop- 
erative confusion are characteristic (4-7). However, 
the vast majority of studies of recovery from propofol 
have been carried out in adults. 

The present study shows that the quality of recov- 
ery in children after short-duration ENT surgery 
using propofol as a principal agent is very satisfac- 
tory. The intervals between cessation of drug admin- 
istration and both extubation and transfer from the 
recovery room to the ward were significantly shorter 
with propofol than with thiopental/halothane: 4.47 
versus 13.5 min and 7.22 versus 30.4 min, respec- 
tively. In adults undergoing relatively brief opera- 
tions, the mean interval between cessation of propo- 
fol and extubation was 11 min (8); however, these 
patients were premedicated with oral diazepam (10 
mg), and the first-stage elimination half-life (t,,2,) of 
propofol is shorter in children (9). Using criteria 
similar to ours (pediatric outpatient dental anesthe- 
sia), Puttick and Rosen (10) found a mean recovery 
time of 22 min with propofol and 29 min with 
thiopental/halothane, findings similar to ours. The 
shorter recovery time found in our study could be 
explained in part by the advantage of a continuous 
infusion compared with a supplemental bolus admin- 
istration technique. Indeed, continuous intravenous 
infusion showed little accumulation, and thus clinical 
effects are predictable, e.g., consistently rapid recov- 
ery (11,12). All children, except the one who cried, 
were quiet, well oriented and coordinated, and coop- 
erative in the recovery room, whereas 70% of patients 
in the thiopental/halothane group were crying, agi- 
tated, uncoordinated, and uncooperative during the 
first 20 min. 

Previous studies have demonstrated that children 
may need larger induction doses of propofol than 
adults (13,14). Purcell-Jones and James (15) showed 
that a dose of 2.0 mg/kg in premedicated children was 
not always sufficient for a smooth induction. Also, 
Valtonen et al. (14) were not entirely satisfied with a 
loading dose of 2.0-2.5 mg/kg in premedicated chil- 
dren. Because premedication has little effect on the 
smoothness of induction (16), we chose a dose of 3 
mg/kg for this study. Even though atropine was the 
only drug used for premedication, only four children 
exhibited signs of anxiety and fear before induction. 

The incidence of pain on injection in adults has 
been reduced by the use of a fat emulsion as a vehicle 
for propofol (17). We found a 25% incidence of pain 
with propofol and none with thiopental. These re- 
sults are similar to those of Purcell-Jones et al. (24% 
for propofol and 10% for thiopental) (13). The inci- 
dence of pain on injection in adults is higher when 
the smaller veins on the dorsum of the hand are used 
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(18,19). Children had a 30% incidence of pain accord- 
ing to Saint-Maurice et al. (20). In their study, pain 
was associated with the size of the vein used, which 
we also noted. All five children who experienced pain 
on injection had a 22-gauge catheter (the smallest size 
used in this study). The catheter was inserted in four 
cases in the dorsum of the hand and in the fifth case 
in a small vein of the antecubital fossa. Addition of 
lidocaine to propofol decreases pain on injection 
(9,10), but the role of premedication, including use of 
analgesics, is not yet clear. 

Spontaneous movements have been reported in 
14%-33% (21,22) of adults. Our observation of 75% is 
greater than that reported by Fahy et al. in premed- 
icated adults (22) and Purcell-Jones et al. (33%) (13), 
but similar to the 65% incidence observed by Purcell- 
Jones and James (15); however, in the latter study the 
loading dose of propofol was small (2 mg/kg). All of 
these movements, however, were minor in our 
study, appearing a few seconds after the completion 
of injection and lasting no longer than 25 s. Saint- 
Maurice et al. (20) suggest a possible inadequate 
anesthesia when using a loading dose of 2-2.5 mg/kg 
of propofol. The influence of premedication and the 
speed of injection on the incidence of spontaneous 
movements is not clear; further studies are needed to 
evaluate whether inadequate anesthesia and central 
or peripheral stimulation are involved in the genesis 
of spontaneous movements during induction with 
propofol. The number of patients with spontaneous 
motion is smaller (20%) in the thiopental group, as 
previously reported (13,14). Hiccup and laryngo- 
spasm were observed in two children receiving thio- 
pental and in none given propofol; this tendency is 
also similar to published data (14). 

Side effects such as pain or nausea and emesis 
were less frequent during the first postoperative 
hours in the propofol group. This was also reported 
by McCollum and colleagues (23), who found less 
nausea and vomiting after induction with propofol 
than after induction with methohexital. Briggs and 
colleagues (24) suggested that propofol produces 
some analgesic effect, contrary to the antianalgesic 
effect of thiopental; it is interesting that in the present 
study only one child needed an analgesic postopera- 
tively in the propofol group whereas nine children in 
the thiopental/halothane group needed an analgesic. 

In conclusion, previous studies dealing with chil- 
dren have stressed induction characteristics (9,15), 
combined use of propofol and inhaled anesthetics 
(13,14,20), or propofol given by bolus (10). The 
present study shows that continuous perfusion of 
propofol is a safe and more effective anesthetic tech- 
nique than the usual thiopental/halothane combina- 
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tion for short-duration ENT procedures in children. 
The rapidity and quality of awakening after propofol 
is superior to that observed after thiopental/ 
halothane administration. The incidence of spontane- 
ous movements and pain on injection is greater with 
propofol than with thiopental. On the other hand, 
excitatory side effects such as hiccup or laryngospasm 
were more frequently observed in the thiopental 
group. Further studies are needed to find a means of 
reducing the pain on injection associated with propo- 
fol and to understand more completely the process of 
spontaneous movements associated with the use of 
propofol for induction in children. 


The authors thank James Grainger for his help in the preparation of 


the manuscript. 
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Preoxygenation in the Elderly: A Comparison of the Four-Maximal- 
Breath and Three-Minute Techniques 


Stephen J. Valentine, FFARCS, Robert Marjot, FFARCS, and Christopher R. Monk, FFARCS 


VALENTINE SJ, MARJOT R, MONK CR. Preoxygenation 
in the elderly: a comparison of the four-maximal-breath 
and three-minute techniques. Anesth Analg 1990;71:516-9. 


To compare the effectiveness of two routinely used methods 
of preoxygenation in protecting against hypoxia in the 
elderly, the arterial O, saturation was measured using an 
oximeter. Twenty-four elderly patients (265 yr) presenting 
for elective orthopedic surgery were randomly allocated to 
receive either 3-min or four-maximal-breaths of 100% O, 
via a Bain circuit. After preoxygenation, anesthesia was 
induced, tracheal intubation performed with patients kept 
apneic, and the endotracheal tube left open to air. The arterial 


Preoxygenation is recommended before the induction 
of anesthesia and muscle paralysis, particularly if there 
is increased risk of gastric regurgitation or if a difficult 
intubation is expected. The preoxygenation with 100% 
oxygen (O,) replaces the nitrogen contained in the 
functional residual capacity and so prolongs the time 
before hypoxia occurs after the onset of apnea. Previous 
studies have compared the different methods of preox- 
ygenation but mainly in younger ASA physical status I 
and II patients (1-5). The question of the relative effi- 
cacies of a four-maximal-breath and a 3-min technique 
has not been addressed in an elderly population, and 
yet it has important connotations for both routine and 
emergency geriatric anesthesia where both methods are 
accepted practice. 


Patients and Methods 


The study was approved by the hospital ethical 
committee, and written informed consent was ob- 
tained from all patients. Twenty-four elderly patients 
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O, saturation was measured before preoxygenation and cor- 
tinually recorded during desaturation. Although attaining 
similar arterial O, saturation values after preoxygenatior., 
patients in the four-maximal-breath group had significantly 
shorter times (P < 0.0001) to all levels of desaturation. We 
suggest that preoxygenation with 3-min breathing of 100% 
O, offers more protection against hypoxia due to prolonged 
apnea after induction of anesthesia in the elderly than does four 
maximal breaths of 100% O. 


Key Words: OXYGEN, DENITROGENATION, 
preinduction. INDUCTION, ANESTHESIA— 
preoxygenation. 


(aged =65 yr) presenting for routine orthopedic 
surgery were prospectively studied after being ran- 
domly allocated to receive either the 3-min or four- 
maximal-breath technique of preoxygenation. Pa- 
tients excluded were those with clinically significant 
cardiovascular, respiratory, neurologic, or endocrine 
disease, as were patients with obesity or those in 
whom difficult intubation could be predicted. During 
the preoperative assessment, the appropriate method 
of preoxygenation was explained to each patient. 
Premedication was with oral tempazepam (0.1-0.2 
mg/kg) given 90 min preoperatively. 

In the anesthetic room the patients were again 
instructed in the technique of preoxygenation, and 
intravenous access was secured with a 16-gauge 
cannula. Monitoring was with a Dinamap (18465X) 
automated blood pressure device, electrocardiogram 
in the CM5 configuration, and a pulse oximeter 
(Datex Satlite) applied to a thumb. Baseline measure- 
ments were recorded with patients breathing air. 
Patients were pretreated with atropine (10 ug/kg) and 
vecuronium (10 yg/kg) 3 min before induction. 

Preoxygenation was accomplished with an appro- 
priately sized face mask connected to a Bain circuit 
that had been flushed with 100% O,. The O, flow rate 
was 10 L/min in the 3-min group and 35 L/min in the 
four-maximal-breath group to maintain the filling of 
the reservoir bag during inspiration and prevent any 
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Table 1. Demographic Data and Times to Apnea 
Age Height Weight Sex Hb Time to 
Group (yr) (m) (kg) (M/F) g/dL) apnea (s) 
4 VE 74.6 + 6.0 1.71 + 0.09 63.4 + 8.8 9/3 14.4 + 1.2 40.4 + 5.0 
(n = 12) (62-73) (1.57-1.88) (51-74) (12.6~16.8) (30-45) 
3 min’ 79.2 25.9 1.65 + 0.07 62.8 + 8.1 9/3 14.3 + 1.3 39.2 + 9.5 
(n = 12) (70-92) (1.55-1.78) (53-74) (11.8~-16.7) (20-50) 


Hb, hemoglobin. 
Values are mean + sp, with range given in parentheses. 


“Patients receiving the four-vital-capacity-breath method of preoxygenation. 


Patients receiving the 3-min method of preoxygenation. 
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rebreathing. Patients in the 3-min group were asked to 
continue to breathe normally after application of the 
face mask while preoxygenation was performed for 3 
min. Patients in the four-breath group were asked to 
exhale maximally, an effective seal being obtained with 
the face mask, and then requested to take four maximal 
breaths. They were then told to breathe normally. 
Immediately after completing the preoxygenation 
maneuvers anesthesia was induced with thiopental 
(2-4 mg/kg) and succinylcholine (1.5 mg/kg). The 
patients were not ventilated until the end of the 
study. With the onset of anesthesia and muscle 
paralysis cricoid pressure was applied, and the pa- 
tients’ trachea intubated under direct vision. After 
successful intubation was visually confirmed the en- 
dotracheal tube was left open to air. If visual confir- 
mation was not possible the patient was excluded 
from the trial, the airway secured, and the lungs 
ventilated with 100% O,. Supplemental doses of 
thiopental (1 mg/kg) and succinylcholine (0.5 mg/kg) 
were given every 2 min to maintain anesthesia and 
muscle paralysis. A continuous recording of the arte- 
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rial O, saturation (Sao,) was made and the heart rate 
and blood pressure recorded at 1-min intervals. The 
study was completed when the Sao, had decreased to 
90%, the lungs then being ventilated with 100% O, 
until the Sao, was greater than 97%. 

The demographic data were compared by analysis 
of variance. Arterial O, saturation while breathing 
air, the peak Sao, obtained after preoxygenation, and 
mean times to the onset of apnea and each desatura- 
tion point were compared using the Mann—Whitney 
U test. P values of less than 0.05 were considered to 
be statistically significant. 


Results 


The demographic data for the two groups are shown 
in Table 1. There is no significant difference in age, 
height, weight, hemoglobin concentration, or time to 
apnea after induction of anesthesia. The number of 
men and women was similar in each group, with a 
similar distribution of smokers and nonsmokers. No 
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Table 2. Oxygen Saturation Levels Before and After Preoxygenation and Times to Arterial Desaturation 


Peak Sao, Time to 97% Time to 95% Time to 93% Time to 90% 
Group Sao, on air on 100% O, Sao, Sao, Sao, Sao, 
4 VC 95.4 Ł 1.7 99.8 + 0.5 147.5 + 82.4 177.1 + 90.7 193.7 + 92.1 212.1 + 91.8 
(n = 12) (93-97) (99-100) (30--260)° (50-310)° (70-315)* (80-320): 
3 min? 95.2 + 2.2 99.5 + 0.8 296.7 + 72.5 315.3 + 69.5 382.9 + 74.2 405.8 + 75.4 
(n = 12) (92-98) (98-100) (220-450) (265-500) (275-530) (290-550) 


Saoz, arterial oxygen saturation. 
Values are mean + sp, with the range given in parentheses. 
Time is given in seconds. 


“Patients receiving the four-vital-capacity-breath method of preoxygenation. 


’Patients receiving the 3-min method of preoxygenation. 
€P < 0.0001. 


significant hemodynamic disturbance occurred in any 
patient, and all patients were successfully intubated 
at the first attempt. After completion of the study and 
hand ventilation with 100% O., Sao, values in all 
patients were 97% or greater within 45 s. No patient 
recalled any events after induction. 

The saturation results are shown in Table 2 and 
Figure 1. There was no significant difference between 
the two groups in Sao, while breathing air, or in the 
peak Sao, after preoxygenation. Patients in the four- 
maximal-breath group had significantly shorter times 
to desaturation to each Sao, level recorded (P < 
0.0001). The times to 90% saturation were 212.1 + 
91.8 s in the four-breath group and 405.8 + 75.4 s in 
the 3-min group. Four patients in the maximal-breath 
group desaturated to 90% in 2 min or less. The 
shortest time to this level of desaturation in the 3-min 
group was 4 min 50 s. 


Discussion 


Various methods of preoxygenation to protect against 
hypoxemia after induction of anesthesia have been 
recommended. Previous studies of these techniques 
have been primarily restricted to fit young adult 
patients or volunteers (1-5). This study has examined 
the efficacy of two standard techniques of preoxygen- 
ation in an elderly population scheduled for elective 
surgery. The design of the study ensured airway 
protection allowing for rapid oxygenation once the 
saturation had decreased to 90% or if any deteriora- 
tion in patient condition occurred. By leaving the 
endotracheal tube open to air and keeping the patient 
anesthetized and apneic, the O, reserve was mea- 
sured by observation of the time required for arterial 
desaturation to occur after induction of anesthesia. 
Other investigators have estimated O, reserve indi- 
rectly by measuring arterial O, tension (Pao) (2), but 
factors other than Pao, at completion of preoxygen- 
ation may influence O, reserve (3). 


Drummond and Park have shown that age, forced 
expiratory volume, forced vital capacity, and smok- 
ing habits were not related to the rapidity of desatu- 
ration after induction of anesthesia, but that obesity 
was (1). They suggested that three vital capacity 
breaths of 100% O, would allow a 3-min period of 
apnea before the onset of hypoxemia. Without preox- 
ygenation, only 1 min elapsed before significant 
desaturation occurred. Gold and Muraavchick com- 
pared four maximally deep breaths of 100% O, 
against air in patients (aged 40-73 yr), and found 
Pao, values higher in the preoxygenation group at 
the time of intubation (2). No comment was made on 
the effect of age on Pao. In comparing four maximal 
breaths with 3 min of preoxygenation in ASA physi- 
cal status I patients (aged 23-37 yr) Gambee et al. 
reported that although the Sao, remained above 90% 
for more than 4 min of apnea in both groups, the 
latter technique gave longer protection against desat- 
uration (3). 

Norris and Dewan (5) showed that in the pregnant 
patient there was no difference in the Pao, in mater- 
nal or fetal samples after 3 min or four maximal 
breaths of preoxygenation. These studies suggest 
that the four-maximal-breath technique affords ade- 
quate protection against inadvertent desaturation. 
Our investigation was designed to test the efficacy of 
this technique in geriatric patients presenting for 
elective orthopedic surgery. 

There were no demographic differences between 
the two groups of patients in our study, and times to 
apnea were the same, implying that the period of 
breathing 100% O, was similar in the two groups 
after induction of anesthesia but before onset of 
muscle paralysis. Patients in our four-maximal-breath 
group were told to breathe normally after their last 
maximal breath, thus avoiding the possibility of ac- 
tive exhalation and loss of the expiratory reserve 
volume immediately before apnea. The patients as- 
signed to the four-maximal-breath technique had two 
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rehearsals of the procedure preoperatively (once in 
the ward and once in the anesthetic room), and all 
cooperated to the best of their ability. This rehearsal 
and cooperation might not be possible with some 
geriatric patients. 

We found in our elderly patients similar Sao, 
values before and after preoxygenation with these 
two techniques. However, there was a significantly 
shorter time to all levels of desaturation associated 
with the four-maximal-breath method. Four patients 
in this group desaturated to 90% in 2 min or less. The 
shortest time to 90% saturation in the 3-min group 
was 4 min 50 s. This difference between our two 
groups is presumably due to physiologic changes in 
the respiratory system of the elderly. The aging 
process is associated with parenchymal changes of 
the diffuse emphysematous type within the lungs, 
changes that decrease the alveolar surface area (6,7). 
The reduced total elastic recoil of the lungs impairs 
the function of the distal airways with airway closure 
occurring at the higher lung volumes (8). This en- 
croachment of the closing volume into the tidal 
volume creates ventilation-perfusion mismatch. The 
respiratory muscles (diaphragm and intercostal and 
accessory muscles) act on a less compliant chest wall 
and are themselves weaker, with decreased strength 
and speed of contraction (9-11). The vital capacity 
and inspiratory and expiratory reserve volumes are 
all diminished. These effects combine to reduce the 
pulmonary reserve of the elderly in general and 
appear in particular to render the four-maximal- 
breath technique less effective in denitrogenating the 
functional residual capacity. 

In summary, we found that in this study of elective 
geriatric patients the four-maximal-breath technique 
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gives similar peak Sao, values to the 3-min technique 
after preoxygenation. However, it does not give 
reliable protection against desaturation during apnea. 
We therefore suggest that if preoxygenation is to be 
performed in the elderly, the 3-min technique should 
be used. 
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The cardioprotective effects of carnitine were tested in 
patients undergoing multiple aortocoronary bypass graft- 
ing. Intermittent aortic cross-clamping at 28°C was used. 
Mean total cross-clamping time was 30 + 11 min. Patients 
were randomized into three groups: a control group receiv- 
ing placebo (group 1), a group pretreated with 3 g carnitine 
intravenously before cardiopulmonary bypass (CPB) (group 
2), and a group pretreated with 6 g carnitine intravenously 
(group 3). The markers of myocardial ischemia included 
levels of adenosine triphosphate, its catabolites, and creatine 
phosphate in transmural left ventricular biopsy specimens 


Carnitine (3-hydroxy-4N-trimethyl-aminobutyrate) is 
the requisite carrier for mitochondrial transmem- 
brane movements of long-chain fatty acids (1,2). 
During ischemia, the acyl coenzyme A (CoA) content 
of the myocardium is increased (3,4). Shug et al. (4) 
and Shrago et al. (5) have shown that accumulation of 
acyl CoA can be linked to impaired adenine translo- 
case activity in the ischemic heart. Consequently, 
impaired mitochondrial energy production during 
myocardial utilization of fatty acids might be an 
important cause of myocardial damage during ische- 
mia (6). Also, carnitine can reverse long-chain acyl 
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taken at the beginning and end of CPB, as well as 
hemodynamic recovery during weaning from CPB and for 
the next 24 h. The intravenous infusion of carnitine (3 or 
6 g) had no hemodynamic effect. At the end of CPB 
myocardial tissue levels of adenosine triphosphate and 
creatine phosphate did not differ significantly among the 
groups (P > 0.05). Recovery of cardiac function during 
weaning from CPB and for the following 24 h was similar 
in all three groups (P > 0.05). It is concluded that 
pretreatment with carnitine neither facilitates weaning frem 
cardiopulmonary bypass in patients undergoing aortocoro- 
nary bypass surgery nor favorably affects hemodynamic 
function during the next 24 h. 


Key Words: ANESTHESIA, CARDIOVASCULAR— 
carnitine protection. SURGERY, CARDIOVASCULAR— 
carnitine protection. 


CoA inhibition of mitochondrial adenine nucleotide 
translocase in isolated mitochondrial preparations 
(7). Furthermore, carnitine has been reported as 
having a protective effect in ischemic dog (8) and 
swine myocardial tissues (9), and as preventing seri- 
ous arrhythmias in ischemic swine (10) and cat hearts 
(11). Finally, Thomsen et al. (12) have demonstrated 
an improved pacing tolerance of the ischemic human 
myocardium after administration of carnitine. 

To determine if. the above reports might reflect 
potential benefits in patients, we studied the effect of 
carnitine pretreatment on ischemia tolerance of the 
human heart in patients undergoing aortocoronary 
bypass grafting. As indices of myocardial protection 
we evaluated the myocardial tissue content of aden- 
osine triphosphate (ATP), its metabolites, and cre- 
atine phosphate (CrP) in biopsy specimens taken 
from the left ventricle before and after global ische- 
mia, as well as the recovery of hemodynamic function 
during the first 24 h after weaning from cardiopulmo- 
nary bypass (CPB). 


CARDIOPROTECTIVE EFFECT OF CARNITINE 


Materials and Methods 


Sixty patients scheduled for elective aortocoronary 
bypass grafting were included in a double-blind, 
placebo-controlled, randomized study. Criteria for 
inclusion were as follows: coronary artery disease 
necessitating elective aortocoronary bypass grafting, 
no evidence of acute myocardial infarction, and no 
associated cardiac disease, including left ventricular 
aneurysm. Patients had to have recurrent angina 
pectoris. Preoperative data were collected, including 
age, sex, body surface area, diagnosis, accompanying 
diseases, patient's history, and medications. 

The 60 patients were randomly assigned to three 
groups of 20 patients each. In group 1 intermittent 
aortic cross-clamping at 28°C was preceded by the 
intravenous (IV) injection of placebo before the start 
of CPB over a 10-min period. In group 2 intermittent 
aortic cross-clamping at 28°C was preceded by the IV 
infusion of 3 g carnitine over a 10-min period before 
CPB. In group 3 intermittent aortic cross-clamping at 
28°C was preceded by the IV infusion of 6 g carnitine 
over a 10-min period before the start of CPB. The 
study was performed with the permission of the 
institution’s Human Studies Committee as well as 
with the informed consent of the patients. 

Anesthetic management was standardized. Pre- 
medication consisted of sublingual lorazepam (0.06 
mg/kg) before induction. Upon arrival in the operat- 
ing theater, an electrocardiograph was attached and a 
V; lead continuously displayed. Cannulae were in- 
serted into a peripheral vein and a radial artery using 
local anesthesia. A continuous infusion of lactated 
Ringer’s solution was started. Anesthesia was in- 
duced with 3-4 ug/kg sufentanil and 3 mg/kg thio- 
pental, followed by 0.1 mg/kg pancuronium bromide. 
All patients continued to breath 100% oxygen spon- 
taneously by face mask and, upon disappearance of 
the eyelash reflex, were manually ventilated. Four 
minutes after induction, tracheal tubes were inserted, 
and mechanical ventilation with an air-oxygen mix- 
ture (FIO2, 0.5) was started and adjusted to maintain 
an arterial Paco, of 38-43 mm Hg and an end-tidal 
carbon dioxide level of 4.5%-5%. Anesthesia was 
maintained with sufentanil. 

A balloon-tipped flow-directed thermodilution 
catheter was inserted into the pulmonary artery via 
the internal jugular vein. All pressures were recorded 
using Statham transducers and continuously dis- 
played on a six-channel chart recorder. 

Lactated Ringer’s solution and a hydroxyethyl- 
starch solution were administered intravenously to 
maintain a pulmonary capillary wedge pressure of 8 
mm Hg. 
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Lidoflazine (1 mg/kg) was slowly infused intrave- 
nously over at least 10 min, starting 30 min before 
CPB (13). 

After 300 IU/kg heparin had been given and aortic 
cannulation performed, a 7-F Millar microtip manom- 
eter was placed into the left ventricle (LV) via the 
right pulmonary vein for monitoring of left ventricu- 
lar pressure and its first derivative, LV dP/dt. After a 
period of stabilization, a placebo, 3 g carnitine, or 6 g 
carnitine was administered intravenously over 10 min 
according to the randomization schema. 

Hemodynamic parameters (listed below) were 
measured before, every minute during, and 10 min 
after drug or placebo administration, and 1, 5, 10, and 
15 min after cessation of CPB. With the exception of 
left ventricular contractility, the same parameters 
were also measured 1, 6, 12, 18, and 24 h after 
cessation of CPB. The hemodynamic parameters 
measured included heart rate, systemic systolic arte- 
rial pressure, diastolic arterial pressure, mean arterial 
pressure, mean pulmonary arterial pressure, pulmo- 
nary capillary wedge pressure, and central venous 
pressure. Cardiac output (Cardiac Output Computer 
9510, American Edwards Laboratories, Irvine, Calif.) 
was measured by the thermodilution technique using 
iced glucose solution. The average of three measure- 
ments of cardiac output was used to determine car- 
diac output. Left ventricular contractility was esti- 
mated by the first derivative of the left ventricular 
pressure (LV dP/dt,,,,). Systemic vascular resistance, 
cardiac index, stroke index, left ventricular stroke 
work index, and right ventricular stroke work index 
were calculated using standard formulas (14). 

Before the start of CPB, a second dose of 0.1 mg/kg 
pancuronium was given. 

During CPB, the lungs were not ventilated and 
were allowed to remain collapsed with a static infla- 
tion pressure of 5 mm Hg. Cardiopulmonary bypass 
was conducted with a membrane oxygenator (Maxi- 
ma-Metronic) and Sarns roller pumps. Immediately 
after the onset of CPB, a left ventricular transmural 
biopsy specimen was taken (Tru-Cut-Travenol biopsy 
needle) from the anterior free wall approximately 5 
cm above the apex. Thereafter the patient was cooled 
to 28°C. Next, the heart was vented via a cannula 
inserted into the LV via the right pulmonary vein 
after removal of the tip manometer. Intermittent 
aortic cross-clamping was used to perform the distal 
anastomosis. After rewarming to 35°C rectal temper- 
ature, but before cessation of CPB, another biopsy 
specimen was taken from the same area. 

Before weaning from CPB, ventilation was started 
again with an oxygen-air mixture (Fro, 0.5). At the 
end of CPB, the blood in the oxygenator or fresh 
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blood was slowly transfused until a ventricle filling 
pressure (left atrial pressure) of 8 mm Hg was at- 
tained. No patient was given a positive inotropic 
compound or a vasodilator during the first few min- 
utes after cessation of CPB so that immediate postby- 
pass cardiac performance could be evaluated. The 
aortic cannula was kept in place for 5 min after 
cessation of CPB. If the hemodynamic status re- 
mained stable, cannulae were removed between 
minute 5 and minute 10 to 15. After 15 min, prot- 
amine hydrochloride was given to neutralize the 
heparin. 


Biochemical Analysis 


Transmural left ventricular biopsy specimens were 
immediately (within 3 s) cooled in liquid nitrogen and 
stored at —80°C. Adenosine triphosphate and CrP 
levels were determined by luminometry (Luminom- 
eter 1250, ATP bioluminescence kit CLS, Boeringer, 
F.R.G.). Nucleotides and nucleosides were separated 
by high-performance liquid chromatography in one 
single run using a reversed-phase C-18 column (14). 
Tissue contents were calculated as millimoles per 
milligram of dry weight. Blood samples were ob- 
tained shortly before and at 5 and 10 min during 
carnitine or placebo infusion, at 5 min after the 
infusion, at the end of CPB, and at the end of the 
operation, i.e., approximately 1 h after weaning from 
CPB. Free carnitine (FC) and total carnitine (TC) 
plasma levels were determined as described by 
Réssle et al. (15). 


Statistical Analysis 


Data presented are mean + sp. For statistical com- 
parison within the groups, a multivariate analysis of 
variances with repeated measurement design was 
performed. For statistical comparison among groups 
1, 2, and 3, X and nonparametric tests were per- 
formed. A P value <0.05 was accepted as statistically 
significant. 


Results 
Demographic and Surgical Data 


Relevant data are summarized in Table 1. There were 
no significant differences among groups in age, sex, 
body surface area, number of associated diseases, 
previous cardiovascular medication, number of grafts 
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Table 1. Patient Characteristics 
Group 1 Group 2 Group 3 
(placebo) (3 g carnitine) (6 g carnitine) 
Number of patients 20 20 20 
Sex (male/female) 19/1 17/3 19/1 
Age (yr) 60 + 9 62 + 7 62 + 8 
Body surface area 1.87 + 0.12 1.86 +0.15 1.84 + 0.15 
(mô) 
Number of grafts 3 (2-5) 3.5 (3-5) 3 (1-6) 
(median [range]) 
Aortic cross-clamp 36 + 14 27 + 8 27 + 11 
time (min) 
Temperatue during 27.8 + 0.4 27.5 + 0.5 27.7 + 0.4 


anesthesia (°C) 


Data are expressed as mean + sD. 


per patient, and duration of aortic cross-clamping 
(i.e., ischemia time). 


Biochemical Data 


Biochemical data are listed in Table 2. In all three 
groups mean myocardial tissue contents of ATP were 
somewhat lower in the postischemic biopsy speci- 
mens than in preischemic specimens, but this differ- 
ence was not significant. Myocardial CrP content 
remained stable in all three groups. There were no 
significant differences among groups in ATP content 
or CrP content. 

Nucleotide, nucleoside, and purine base ccntents 
and distribution were not significantly different in 
pre- and postischemic samples or among groups (P > 
0.05). 

Plasma concentrations of FC and TC before, dur- 
ing, and after infusion of carnitine or placebo are 
summarized in Table 3 and Figure 1. During infusion 
of carnitine, peak plasma levels of FC and TC were 
related to the dose of carnitine infused. During CPB, 
relatively steady-state levels of plasma concentrations 
of FC and TC were present (Figure 1) and persisted 
for about an hour after weaning from CPB. 


Hemodynamic Findings 


Hemodynamic effects of intravenous administration of 
carnitine before cardiopulmonary bypass. The infusion of 
3 or 6 g carnitine induced no significant changes in 
any of the hemodynamic parameters measured. 
These data 5 min after the infusion (Table 4) are 
considered “control” values before the start of CPB. 


Effects of carnitine on hemodynamic function during 
weaning from cardiopulmonary bypass. The first 15 min 
after cessation of CPB are considered as the “weaning 
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Table 2. Myocardial Levels of Markers of Tissue Ischemia 
ATP CrP ADP AMP ADE INO HX X 
Group 1 
Before 18.5 + 7.0 21.7 + 0.9 3.3 0.9 0.8 + 0.7 0.1 + 0.1 0.0 + 0.0 0.0 + 0.1 0.0 + 0.1 
After 17.2 + 5.1 21.1 + 8.0 3.5 + 1.2 0.8 + 0.3 0.1 + 0.1 0.1 + 0.2 0.0 + 0.1 0.0 + 0.0 
Group 2 
Before 19.3 + 6.8 22.3 + 10.6 3.8 + 2.0 0.9 + 1.0 0.0 + 0.0 0.1 + 0.3 0.9 + 4.0 0.0 + 0.1 
After 17.6 + 5.7 22.0 + 8.5 3.5 + 1.6 0.8 + 0.7 0.1 + 0.2 0.4 + 1.2 0.7 + 2.9 0.1 + 0.2 
Group 3 
Before 18.9 + 5.5 21.4 + 8.2 3.2 + 1.1 0.6 + 0.3 0.1 + 0.1 0.1 + 0.2 0.1 + 0.3 0.0 + 0.0 
After 17.9 23.0 23.4 + 7.7 3.4 + 1.2 0.7 + 0.5 0.1 + 0:1 0.1 + 0.3 0.1 + 0.1 0.0 + 0.1 


Data are given in mol/g dry wt, mean + sp. 


ATP, adenosine triphosphate; CrP, creatine phosphate; ADP, adenosine diphosphate; AMP, adenosine monophosphate; ADE, adenosine; INO, inosine; 
HX, hypoxanthine; X, xanthine; before, biopsy taken immediately after the onset of cardiopulmonary bypass but before the first ischemic interval; after, biopsy 


taken after the last ischemic interval followed by reperfusion and rewarming but before weaning from cardiopulmonary bypass. 


Table 3. Plasma Concentrations of Free and Total 


Carnitine Before, During, and After 10 Min of 


Intravenous Carnitine Infusion (3 or 6 g total dose) 


Carnitine Carnitine 
Placebo (3 g) (6 g) 
Plasma free carnitine 
Before infusion 38 + 3 36 +7 43 + 8 
5-min infusion 36 + 8 175 + 258 2571 + 900 
10-min infusion 35 +8 2213 + 377 4207 + 802 
5-min after infusion 36+9 1506+ 263 2741 + 223 
End of cardiopulmonary 28 + 8 434+ 103 940 + 254 
bypass 
End of operation 30 + 6 323 +111 765 + 231 
Plasma total carnitine 
Before infusion 46 + 13 47 + 12 50:4-7 
5-min infusion 45 +11 1784 + 263 3075 + 968 
10-min infusion 45 + 10 2212 +376 4327 + 885 
15-min infusion 46 + 11 1574 + 269 2790 + 240 
End of cardiopulmonary 43 +12 458 + 100 964 + 257 
bypass 
End of operation 40 + 10 340 + 102 780 + 237 


Data are given in pmol/L, mean + sD. 
Infusion was performed before the start of cardiopulmonary bypass. 


phase.” Measurements of hemodynamic function 1, 
5, 10, and 15 min after cessation of CPB are summa- 
rized in Table 4. Mean aortic pressure, heart rate, 
cardiac index, pulmonary wedge pressure, and LV 
dP/dt,,a. Values were not statistically significantly 
different among groups during the weaning phase. 
During the first minute of weaning, left ventricular 
cardiac work index was significantly higher in group 
2, i.e., the 3-g carnitine group, than in the other two 
groups (P < 0.05). In group 2 one of 20 patients 
needed dopamine (>4 ug-kg~'-min~‘) and four re- 
ceived a bolus of 0.5 g calcium intravenously. In the 
placebo group two of 20 patients received dopamine 
and five received 0.5 g calcium intravenously. In 
group 3, i.e., the 6-g carnitine group, three of 20 
patients received dopamine and seven received 0.5 g 


calcium intravenously. The need for positive inotro- 
pic support did not differ significantly between 


groups (”). 


Effects of carnitine on hemodynamic function 1-24 h 
after cardiopulmonary bypass. The hemodynamic vari- 
ables measured at 1, 6, 12, 18, and 24 h after cessation 
of CPB are summarized in Table 5 and Figure 2. None 
of the variables differed significantly among groups. 
The need for either positive inotropic agents or va- 
sodilators was also not significantly different between 
groups (x^), although there was a tendency to have 
an increased need for support in group 3, i.e., the 6-g 
carnitine group. 


Discussion 


This study was designed to investigate possible ben- 
eficial effects of carnitine supplementation on postop- 
erative cardiac function and metabolism in patients 
undergoing coronary artery bypass grafting. The the- 
oretical background behind the concept that carnitine 
is able to improve clinical outcome after such an 
operation is well established. Every cardiac operation 
is associated with some degree of myocardial isch- 
emia, and one of the important metabolic alterations 
during such an ischemic event is accumulation of acyl 
CoA in the myocardium (6). Accumulation of acyl 
CoA is linked to impaired adenine translocase activity 
in the ischemic heart (4,5), which inhibits the forma- 
tion of ATP because it reduces the rate of inward 
transport of extramitochondrial adenosine diphos- 
phate. It is known that carnitine reverses acyl CoA 
inhibition of mitochondrial adenine nucleotide trans- 
locase (12), and increased myocardial tissue levels of 
ATP can be found in the ischemic heart tissue of 
carnitine-supplemented dogs (8). 

In our study we could not detect such an “ATP 
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Table 4. Recovery of Hemodynamic Function During Weaning From Cardiopulmonary Bypass in the Three Groups of 
Patients After Coronary Bypass Grafting 


Parameter Control 1 min £ min 10 min 15 min 
MAP (mm Hg) 
Group 1 80 +9 54 + 10 61 + 12 64 + 8 65 + 13 
Group 2 76 +8 59 + 12 56 + B 67 + 10 67 +9 
Group 3 78 + 10 534 12 59 + 7 63 + 8 64 + 8 
HR (beats/min) 
Group 1 67 + 13 85 + 16 86 + 15 86 + 15 83 + 15 
Group 2 71+ 12 84 + 12 82 + 17 87 + 17 87 + 14 
Group 3 67 + 12 83 + 10 82+ 7 87 +9 86 + 10 
CI (L-min7?-m~?) 
Group 1 2.7 2&1 27 27 3.8 + 0.6 3.3 + 0.8 3.3 + 0.9 
Group 2 2.6 + 0.5 3.1 + 1.0 3.4 + 0.6 3.4 + 0.9 3.5 + 0.7 
Group 3 2.7 + 0.6 2.8 + 0.7 3.1 + 0.9 3.4 + 1.0 3.2, 0:7 
PCWP (mm Hg) 
Group 1 7 +2 10 + 3 222 10+3 10+ 3 
Group 2 7+2 10 +2 1G + 2 9+2 10 + 2 
Group 3 i foe ch ll +2 1i+2 11 +3 li +3 
LV dP/dt,,,. (mm Hgs) 
Group 1 909 + 267 643 + 194 75E + 242 828 + 304 865 + 275 
Group 2 957 + 300 708 + 239 76€ + 306 926 + 229 883 + 265 
Group 3 925 + 168 655 + 232 791 + 286 838 + 335 826 + 375 
RVSWI (g-m-m7?) 
Group 1 0.47 + 0.19 0.54 + 0.16 0.70 + 0.16 0.73 + 0.23 0.72 + 0.22 
Group 2 0.48 + 0.14 0.65 + 0.21 0.72 + 0.13 0.67 + 0.22 0.72 + 0.22 
Group 3 0.47 + 0.10 0.52 + 0.15 0.6¢ + 0.18 0.71 + 0.21 0.70 + 0.18 
LVSWI (g-m-m7~”) 
Group 1 2.84 + 1.06 1.93 + 0.56 2.72 + 0.67 2.85 + 0.74 2.93 + 0.90 
Group 2 2.68 + 0.68 2.59 + 1.15° 2.76 + 0.71 3.04 + 0.92 3.11 + 0.76 
Group 3 2.86 + 0.72 2.08 + 0.71 2.52 + 0.96 2.91 + 1.02 2.81 + 0.70 
SVR (dyne-s-cm7~*) 
Group 1 1374 + 508 812 + 247 73& + 224 818 + 218 816 + 284 
Group 2 1231 + 233 756 + 292 652 + 199 822 + 267 790 + 217 
Group 3 1248 + 298 737 + 217 77e + 182 786 + 264 811 + 228 


Data are given as mean + sp. 
MAP, mean arterial pressure; HR, heart rate; CI, cardiac index; PCWP; pulmonary capillary wedge pressure; LV dP/dt,,,,, first derivative of the left 


ventricular pressure; RVSWI, right ventricular stroke work index; LVSWL, left ventricular stroke work index; SVR, systemic vascular resistance. 
Group 1, placebo; group 2, pretreatment with 3 g carnitine; and group 3, pretreatment with 6 g carnitine. 
“P < 0.05 compared with group 1 values. 
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Table 5. Hemodynamic Function 1-24 h After Cardiopulmonary Bypass 
Parameter Control Th 6h 12h 18 h 24h 
MAP {mm Hg) 
Group 1 80 +9 79 + 14 80 + 15 73 + 10 75 + 10 81 + 11 
Group 2 76 + 8 75 +11 78 + 12 73+7 78 + 10 83 + 12 
Group 3 78 + 10 81 + 15 79 + 11 74 + 16 78 + 10 81 + 15 
HR (beats/min) 
Group 1 67 + 13 84 + 15 92 + 11 85 + 14 86 + 15 85 + 11 
Group 2 71 + 12 90 + 11 94 + 12 85 + 17 84 + 15 84 + 13 
Group 3 67 + 12 90 + 11 88 + 11 84 + 12 84 + 12 81 + 15 
CI (L-min7+-m7?) 
Group 1 2.7 + 1.1 3.2 + 0.7 3.1 + 0.7 3.0 + 0.5 3.2 + 0.7 3.2 + 0.6 
Group 2 2.6 + 0.5 3.1 + 0.6 3.2 + 0.5 3.2: 0:7 3.2 + 0.5 3.1 + 0.6 
Group 3 2.7 + 0.6 3.0 0.6 3:5: 0.5 3.1 + 0.6 3.2 + 0.5 3.2 + 0.6 
PCWP (mm Hg) 
Group 1 7+2 943 10 +3 9+4 10 +4 10 + 3 
Group 2 7+2 9+2 9+3 10 3 942 923 
Group 3 7 +2, 8+ 4 8+3 10 + 3 9+4 10 + 3 
RVSWI (g-m-m7~*) 
Group 1 0.47 + 0.19 0.71 + 0.18 0.80 + 0.22 0.72 + 0.17 0.72 + 0.28 0.77 + 0.24 
Group 2 0.48 + 0.14 0.66 + 0.21 0.79 + 0.28 0.73 + 0.22 0.76 + 0.21 0.79 + 0.26 
Group 3 0.47 + 0.10 0.67 + 0.21 0.83 + 0.24 0.81 + 0.25 0.79 + 0.25 0.84 + 0.29 
LVSWI (g-m-m~*) 
Group 1 2.84 + 1.06 3.48 + 0.95 3.49 + 1.00 2.94 + 0.61 3.30 + 1.00 3.53 = 0.88 
Group 2 2.68 + 0.68 23.13 + 0.67 3.42 + 0.82 3.14 + 1.00 3.38 + 0.66 3.60 + 1.24 
Group 3 2.86 + 0.72 3.29 + 0.67 3.71 + 0.80 3.08 + 0.94 3.46 + 0.81 3.60 + 1.16 
SVR (dyne-s-em~*) 
Group 1 1374 + 508 998 + 258 1026 + 275 949 + 207 954 + 214 1027 + 253 
Group 2 1231 + 233 992 + 297 958 + 197 907 + 204 973 + 207 1070 + 273 
Group 3 1248 + 298 1130 + 371 924 + 208 931 + 260 946 + 162 981 + 209 


Data are given as mean + sD. 
Abbreviations as in Table 4. 


sparing” effect of carnitine supplementation. Indeed, 
we analyzed myocardial biopsy specimens for their 
high-energy phosphate content and did not find 
better preservation of ATP in the carnitine-supple- 
mented groups. However, the absence of changes in 
total tissue stores of ATP and CrP neither proves nor 
disproves the “improvement in adenine nucleotide 
translocase” of carnitine. This would require a de- 
tailed knowledge of intracellular distribution of prod- 
ucts of, and the exact location of pools of, critical 
adenosine intermediates. Such methods of measure- 
ment are currently unavailable for intact tissue (9). 
Nevertheless, when a beneficial effect of carnitine 
supplementation on myocardial ATP and CrP con- 
tents is not detectable, a clinically significant im- 
provement of postischemic cardiac function might 
still occur. In the present study, however, we were 
not able to detect any significant effect of carnitine 
pretreatment on the recovery of cardiac function after 
coronary artery bypass surgery. This is in contrast to 
the conclusion of another study in patients undergo- 
ing aortocoronary bypass grafting who received oral 
carnitine supplementation before surgery (16). In that 
study, a significantly reduced postoperative need for 


positive inotropic support was found in carnitine- 
treated patients. However, it cannot be concluded 
from that study that the improvement of postopera- 
tive cardiac function was related to improvement of 
mitochondrial energy production: myocardial tissue 
contents of ATP were higher in the carnitine- 
supplemented group than in the placebo group, but 
postischemic ATP levels were not determined. In an 
experimental study using ischemic swine hearts it 
was also shown that carnitine is capable of preserving 
mechanical function (9), presumably by modifying 
the toxic effects of accumulated free fatty acid inter- 
mediates. However, a mode of action of carnitine not 
involving a primary metabolic effect remains possible 
because carnitine is an inotropic agent and can in- 
crease coronary blood flow (17). 

An essential question is whether the doses of 
carnitine selected in the present study are adequate, 
when injected intravenously, to produce biochemi- 
cally or pharmacologically effective concentrations in 
the myocardium. Although we did not measure myo- 
cardial tissue concentrations of carnitine in our pa- 
tients, we know from previous reports (18) that the 
net uptake of infused carnitine by muscle tissue is 
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very low: a daily infusion of 0.75 g total dose (74 
umol-kg™*-day~') resulted in a doubling of the 
plasma concentrations of free and total carnitine, and 
the acylcarnitine/free carnitine ratio dropped to about 
50% of its initial value. The authors calculated that 
the total muscle tissue carnitine concentration in- 
creased only approximately 0.1 umol/g wet wt. Mus- 
cle tissue carnitine concentrations were 25.2 and 28.9 
„mol/g for FC and TC, respectively. In another study 
(19), the effects of a 4-h infusion of 1.2 g (total dose) 
carnitine were assessed; plasma levels of FC and TC 
after the infusion were found to be 4.5 and 4.2 times 
higher, respectively, than preinfusion values. In our 
present study, we used total doses of 3 and 6 g 
carnitine, infused during a 10-min period before 
starting CPB. In the group supplemented with 3 g 
carnitine, plasma levels of FC and TC increased to 41 
and 33 times control values, respectively, at 5 min 
after infusion. In the group supplemented by 6 g 
carnitine these values increased to 63 and 55 times 
control values for FC and TC, respectively. Because 
the injected carnitine was diluted by the volume of 
the cardiopulmonary perfusion equipment at initia- 
tion of CPB, we determined plasma levels again at the 
end of CPB, approximately 130 min after the start of 
the infusion. At this time, plasma levels were still 12 
and 10 times higher than control values for FC and 
TC, respectively, in the 3-g carnitine-supplemented 
group, and 22 and 20 times higher than control values 
for FC and TC, respectively, in the 6-g carnitine- 
supplemented group. Therefore, it can be expected 
that muscle tissue levels of carnitine also increased 
considerably in our patients. On the other hand, 
plasma and urinary carnitine levels are not reliable 
indicators of the capacity for intramitochondrial fat 
oxidation (20). Indeed, recent studies have shown 
that, in contrast to the expected carnitine-mediated 
promotion of lipid utilization, acute infusion of car- 
nitine resulted in a reduction of fat oxidation. Such an 
impairment of fat oxidation by excess amounts of 
carnitine has been recently demonstrated in rats (21). 
It has been suggested that high levels of carnitine 
may increase the formation of intramitochondrial 
fatty acid-carnitine conjugates and their transport out 
of the matrix space, which means withdrawal of 
activated substrates for B-oxidation. It has been dem- 
onstrated in postoperative patients that this reduced 
rate of fat oxidation during infusion of carnitine is 
accompanied by an increased rate of protein oxida- 
tion (19,20), and for this reason it has been recom- 
mended that smaller amounts of carnitine be used in 
order to optimize fat utilization. 

In a recent paper, a dose-dependent detrimental 
effect of carnitine upon the ischemic rat myocardium 
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was demonstrated when carnitine was added to a 
cardioplegic solution (22). In our study in humans, 
however, no detrimental effect of carnitine pretreat- 
ment on postischemic recovery of function was seen, 
even with the high dose of carnitine used. Further- 
more, the infusion of carnitine at both dose levels 
before ischemia had no effect on hemodynamic or 
cardiac function. This was also found in another 
study (12). 

The overall conclusion of this double-blind, place- 
bo-controlled study is that a beneficial effect of IV 
supplementation of carnitine on recovery of cardiac 
function and postischemic myocardial tissue contents 
of high energy phosphates is not apparent. 


We would like to thank P. Fürst, MD, PhD, from the Institut für 
biologische Chemie und Ernahrungs-Wissenschaft, Universitat 
Hohenheim, Stuttgart, Germany, for the assessment of plasma free 
and total carnitine. 
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A rabbit model for evaluation of spinal anesthesia is pre- 
sented. Chronic cannulation of the subarachnoid space was 
performed in 44 rabbits using the translumbar approach. 
An autopsy was performed 24 h after the operation on four 
of the animals. Intrathecal injections of methylene blue did 
not reveal any leakage from the spinal space. X-ray exam- 
ination performed on the second and 30th days after the 
implantation indicated free spread of the injected solution in 


The wide use of spinal anesthesia and analgesia has 
led to the development of animal models to evaluate 
the physiologic and pharmacologic effects induced by 
the subarachnoid administration of local anesthetics 
and opioids (1-6). 

Discrepancies among data obtained from different 
species (7,8) require caution in their extrapolation to 
humans. Continuous monitoring of respiratory and 
hemodynamic parameters, as well as prolonged 
pharmacokinetic studies during spinal anesthesia in 
small animals such as rats (1,4), is limited by technical 
difficulties. The use of larger animals, i.e., dogs (2), 
sheep (6), or monkeys (3), is restricted by financial 
considerations. The aim of this study was to develop 
an inexpensive model appropriate for evaluation of 
the effects of spinal anesthesia. The relative ease of 
monitoring hemodynamic and respiratory parame- 
ters in the rabbit (9), as well as the availability of 
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the subarachnoid space without any obstruction. Repeated 
injections of four identical doses of bupivacaine at 3-day 
intervals showed reproducible pharmacologic effects. Ad- 
ministration of different doses of ihe anesthetic produced a 
clear dose-response relationship. The relative activity of the 
anesthetic agents was feund to be identical to that previ- 
ously obtained in humans. No significant complications 
after the implantation have been recorded. We suggest the 
current model as an additional appropriate tool for the 
investigation of spinal anesthesia. 


Key Words: ANESTHETIC TECHNIQUES, SPINAL, 
experimental model. 


blood (9) and cerebrospinal fluid (CSF) (5) samples for 
pharmacologic analvsis, led us to choose this species 
for our model. 


Methods and Materials 


Experiments reported here were performed in accor- 
dance with the laws and guidelines established by the 
local Committee of Laboratory Animal Care. 


Animals 


Adult male rabbits of a mixed strain, weighing 2.5- 
3.0 kg, were used in this study. Animals were housed 
individually in standard cages, had free access to 
food and tap water, and were kept on a 12-h light- 
dark cycle. 


Catheter Preparation 


Polyvinyl catheters 300 mm long with an outer diam- 
eter of 0.61 mm and an inner diameter of 0.28 mm 
(Dural Plastics & Engineering PTY, Ltd.) were used 
for the procedure. A ring from the tip of a Luer-type 
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plastic syringe, cut 3 mm from the end, was used as 
a device for fixation. The distal end of the catheter 
was passed through the cut piece of a plastic ring and 
sealed inside with epoxy glue 20 mm from the tip. A 
nylon monofilament suture (Ethycon 5/0) 10 cm long 
was tied around the catheter 30 mm from the proxi- 
mal end and fixed with epoxy glue. The dead space of 
the catheters, evaluated by filling them with normal 
saline, ranged between 13 and 15 uL, and never 
exceeded 18 uL. Before implantation, the catheters 
were disinfected in 70% alcohol (including inside 
filling) and then flushed with normal saline. The 
proximal tip of the catheter was closed with a stain- 
less steel plug. 


Preoperative Procedures 


Animals were premedicated with 50 mg/kg ketamine 
subcutaneously and placed in a restraining hammock 
on the operating table in the prone position. The table 
was placed in the head-up position to promote lum- 
bar CSF accumulation. The surgical fields in the 
dorsal cervical and lumbar areas were shaved and 
cleaned with 0.5% chlorhexidine in 70% alcohol so- 
lution. i 

Three milliliters of 0.5% bupivacaine containing 
adrenaline (1:200,000) were injected subcutaneously 
over the line between the sixth lumbar and first sacral 
spinous processes, and’1.0 mL was injected over the 
base of the seventh lumbar process. 

The marginal ear vein was cannulated, and ket- 
amine was continuously infused intravenously at a 
rate of 1-1.5 mg-kg!-min™', using a pump. 
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Figure 1. Schematic illustration of the 
fixation of the catheter in the sub- 
arachnoid space. The tip of the cathe- 
ter is placed in the cephalad direction. 
A fixation device, a plastic ring, is 
bound to the periosteum of the lamina 
by three nylon 5/) sutures. 


Surgery 


Surgical procedures were performed under aseptic 
conditions. The skin and subcutaneous fascia were 
opened by a straight midline incision, between the 
sixth lumbar and first sacral spinous processes. Mus- 
cles from both sides of the seventh lumbar spinous 
process were separated by blunt dissection. The 
process, ligamentum flavum, and epidural fat were 
sequentially removed, and the underlying transpar- 
ent dura with the spinal cord was exposed. A piece of 
the subcutaneous fascia was separated and the distal 
tip of the catheter was passed through this piece up 
to the plastic ring fixed previously. Using an operat- 
ing microscope, fine forceps, and a 25-gauge needle, 
a small slit was made in the dura and arachnoid 
membranes until leakage of CSF was detected. The 
distal end of the catheter was inserted subarach- 
noidally in a caudad direction. The catheter was fixed 
above the plastic probe to the periosteum of the 
posterior lamina (Figure 1). The external part of the 
catheter was stretched through a subcutaneous tun- 
nel along the back and exteriorized via an incision on 
the neck. A suture previously glued 30 mm from the 
tip of the catheter was tied to a buttonlike polyethyl- 
ene disk and then fixed to the internal surface of the 
skin with an additional suture (Figure 2). The tip of 
the catheter was extracted via an additional hole near 
the disk, and the incision was closed with Dexon 4/0 
sutures. 


Experimental Design 


Twenty-four hours after the operation the animals 
were examined. Because none of the rabbits operated 
on showed signs of discomfort or neurologic deficits, 
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Figure 2. Schematic illustration of the external 
part of the catheter fixed in the subcutaneous 
area of the dorsal neck surface. The proximal 
part of the catheter is bound to a plastic disk, 
which is affixed by suture to the subcutaneous 
fascia. 


all were used in the study. Forty-four animals were 
randomly divided into eight groups. Randomization 
of the allocation of animals to experimental groups 
was performed by the use of a random number table. 
Four animals were used for examination of the leak- 
age from the site of the catheter implantation 24 h 
after the operation (group 1). Four animals were used 
for examination of the spread of a contrast liquid in 
the subarachnoid space on the second and 30th days 
after the operation (group 2). Six animals were used 
for evaluation of the variability in the pharmacologic 
effect produced by repeated spinal injections of equal 
doses of an anesthetic (group 3). Six animals were 
selected for assessment of the dose-response relation- 
ship to three different doses of anesthetic (group 4). 
Four groups of six animals each served for a compar- 
ative evaluation of the relative anesthetic activity of 
amethocaine, bupivacaine, lidocaine, and procaine 
(groups 5~8, respectively). 

All the injections were. followed by irrigation of the 
catheter with 50 uL of distilled water to avoid catheter 
obstruction. In all the animals used for prolonged 
studies the catheters were flushed every 72 h. 


Revision of the Implantation Site for the Existence 
of Leakage | 


Twenty-four hours after the operation, methylene 
blue (100 uL/kg) was injected through the catheter in 
four rabbits. The animals were killed by overdose of 
thiopental. The operation wound was reopened, and 
the area of the implantation was exposed. After 
removal of the catheter, the area around the site of 
implantation was carefully examined. 
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Myelography 


X-ray examinations after the intrathecal administra- 
tion of metrizamide (100 uwL/kg) were performed in 
four rabbits, 24 h and 30 days after the operation, to 
assess the spread of the contrast liquid in the spinal 
space. 


Evaluation of the Pharmacologic Effect 


Because it was not possible to evaluate sensory block- 
ade accurately in the current model, the pharmaco- 
logic action of anesthetics was assessed by estimation 
of the motor block duration produced by the injected 
agent. Motor ability was evaluated by observation of 
the disturbances in walking, using criteria similar to 
those suggested by Feldman and Covino in dogs (2). 
In order to quantify the anesthetic action, the motor 
blockade was graded using a modification of the scale 
proposed by Bromage (10). The degree of motor 
blockade was evaluated at 5-min intervals. Free 
movements of the animal using hind limbs without 
limitation or loss of balance was designated as 0, 
limited or asymmetrical movements of the hind limbs 
in order to support the body and walk as I, inability to 
support the back of the body on hind limbs with 
detectable ability to move the limbs and respond to 
pain stimulus as II, and total paralysis of the hind 
limbs as III. 


Evaluation of Variability of the Pharmacologic 
Action in Response to Repeated Injections 

of Bupivacaine : 

Four repeated intrathecal injections of 0.5% bupiv- 
acaine in the dose of 250 ug/kg were administered in 
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six rabbits at 3-day intervals. The time interval be- 
tween the end of each injection and full recovery of 
the motor activity was defined as the duration of the 
blockade. 


Dose-Response Relationship 


Three consecutive increasing doses of bupivacaine 
(62.5, 125, and 250 mg/kg) were administered intra- 
thecally in six rabbits at 72-h intervals. Motor block 
was assessed after each administration. This regime 
was repeated twice. 


Comparative Evaluation of Four Different 
Local Anesthetics 


One percent solutions of amethocaine, bupivacaine, 
lidocaine, and procaine were administered intrathe- 
cally in doses of 500 mg/kg in four groups of rabbits. 
The duration of the motor blockade was evaluated 
after each injection. 


Statistical Analysis 


Data are presented as mean + sEM. Comparisons 
between effects produced by injections of local anes- 
thetic were performed using analysis of variance, 
followed by t-tests between pairs of groups. 


Results 


Within 1 h after surgery all the animals studied were 
awake and moving actively using all limbs. The 
injection procedure was easily tolerated, and the 
animals did not show signs of discomfort during the 
period of investigation. No systemic adverse effects 
were recorded in any of the animals. 

Observation of the site of catheter implantation 
24 h after the operation revealed organized blood 
clots and fibrin around the piece of fascia that we 
placed around the catheter. Release of the sutures 
and removal of the catheter was accompanied by 
leakage of blue fluid (methylene blue dissolved in 
CSF) from the hole in the dura. Hence, effective 
hermetic closure of the implanted catheter was ob- 
served 24 h after the operation. Therefore, autopsies 
after the operation were not indicated. 

Radiographic examinations on the second and 30th 
days after the operation showed free spread of the 
contrast liquid in both directions from the implanted 
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Figure 3. Photograph of a roentgenogram 5 min after spinal 
administration (300 uL) of the water-soluble contrast agent metri- 
zamide 30 days after catheter implantation. Arrow points to the 
level of the tip of the catheter. 


catheter (Figure 3), and no leakage was observed at 
the site of injection in any of the animals studied. 

Four repeated intrathecal administrations of bupi- 
vacaine at 3-day intervals produced equal duration of 
motor blockade. No statistically significant difference 
was found between injections. Mean periods of du- 
ration of the motor blockade produced by the first, 
second, third, and fourth injections are demonstrated 
in Figure 4. 

No significant difference was found between ef- 
fects produced by equal doses of the local anesthetic 
(group 3). Administration of increasing doses of 
bupivacaine in the same animals produced clear 
augmentation of the pharmacologic action. Statisti- 
cally significant differences were found among the 
values yielded by the three different doses. The 
results are presented graphically in Figure 5. 

Subarachnoid administration of a 1% solution of 
either amethocaine, bupivacaine, or lidocaine pro- 
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Figure 4. Duration of motor blocks produced by repeated spinal 
injections of bupivacaine. The serial number of the injection is 
presented on the horizontal axis, and the mean duration of the 
motor blockade is shown (in min) on the vertical axis. The error 
bars represent SEM, n = 6. 


duced clear motor blockade in all the animals studied. 
However, a 1% solution of procaine failed to produce 
complete paralysis, and therefore an additional ex- 
periment using 2% solution of the drug was em- 
ployed. Statistically significant differences in the 
pharmacologic action were observed among the an- 
esthetic agents studied. The order of relative activity 
of the drugs evaluated was amethocaine > bupiv- 
acaine > lidocaine > procaine. Results dealing with 
the pharmacologic effect produced by the four dif- 


Figure 5. Duration of the motor blockade 
produced by bupivacaine: a dose-re- 
sponse relationship. Each animal (n = 6) 
received each dose twice. The dark and 
light bars represent the mean responses 
to the first and second injection of the 
dose, respectively. Error bars represent 
SEM. Statistically significant differences 
were found among three doses em- 
ployed. 
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ferent drugs are demonstrated graphically in Fig- 
ure 6. 


Discussion 


Different approaches have been used for chronic 
cannulations of the subarachnoid space in animal 
models. The use of direct transcutaneous cannulation 
is restricted to large animals. Chronic implantation of 
spinal catheters was described in small animals; the 
atlanto-occipital approach (1), as well as a translum- 
bar route (4), was successfully used for this purpose. 
In rabbits the translumbar approach for cannulation 
of the epidural space was described by Durant and 
Yaksh (11). In the current study the same approach 
was used, but an additional procedure—removal of 
the ligamentum flavum and epidural fat—provided 
convenient conditions for visualization of the spinal 
cord and facilitated relatively atraumatic cannulation 
of the subarachnoid space. 

Injections of methylene blue through the catheter, 
followed by autopsy of the animals and examination 
of the implantation site, showed absence of CSF 
leakage as early as 24 h after the operative procedure, 
providing evidence that nearly all of the injected drug 
was available to the target tissue. Myelography con- 
firmed this finding and, moreover, showed free 
spread of the contrast solution in both directions from 
the implanted catheters. This finding indicates an 
advantage of the present model over rat models. In 
the rat models (1,4) subarachnoid implantation of the 
catheter is accompanied by obstruction of the spinal 
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space and therefore the spread of injected solution 
has been unidirectional. It seems that the piece of 
fascia placed around the tip of the catheter induces 
adhesions and fibrin organization, which covers the 
slit in the dura and prevents the leakage of CSF. The 
absence of leakage prevents major anatomic distur- 
bances around the site of the implantation—namely, 
adhesions around the spinal cord and compression of 
the dura—and permits free spread of CSF in both 
directions from the implanted catheter. 

The reproducibility of the pharmacologic effect of 
spinal anesthesia and the precise dose-response rela- 
tionship was demonstrated in groups 3 and 4, respec- 
tively. This finding enables the design of sequential 
experiments in which each animal serves as its own 
control. Hence, an accurate result may be provided 
by a relatively small number of animals. 

Differences clearly exist between humans and rab- 
bits in the anatomy of the subarachnoid space and 
methods of performing spinal anesthesia. Therefore, 
we decided to assess the order of relative anesthetic 
activity of four agents and to compare this order with 
results obtained in humans. The relative anesthetic 
activity evaluated by the duration of the motor block- 
ade in the current model was identical to data previ- 
ously reported in humans (12). 

In summary, the following principal properties of 
the model presented are noted. 


1. No leakage of the injected solutions from the 
spinal space was observed up to 30 days after the 
implantation of the catheter. 
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Figure 6. Duration of the motor blockades pro- 
duced by four local anesthetics. Amethocaine, bu- 
pivacaine, and lidocaine were used in equal doses 
(1%-50 pL/kg). Because 1% solution of procaine 
failed to produce complete block, a 2% solution of 
the drug was employed. Error bars represent SEM. 
Statistically significant differences were found be- 
tween every pair of solutions. 
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2. Free spread of the injected solution in the spinal 
space was observed up to 30 days after the implan- 
tation of the catheter. 

3. Reproducible pharmacologic effect was produced 
by four repeated injections of the anesthetic at 
72-h intervals. 

4. Aclear dose-response relationship was found after 
administration of different doses of a local anes- 
thetic. 

5. Comparative anesthetic activity of four local anes- 
thetics assessed in the present model was identical 
to that observed in humans. 


Hence, we suggest the current model as an appro- 
priate additional tool for further investigation of 
spinal anesthesia. 


The authors acknowledge the valuable assistance and cooperation 
provided by nurses Hannah Friedman of Jerusalem and Denise L. 
White of Columbia, South Carolina, without whose help and 
support this project could not have been completed as afficiently as 
it was. 
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Is the Antiemetic Effect of the Emulsion Formulation of Propofol 


Due to the Lipid Emulsion? 


Pontus L. Ostman, MD, Evelina Faure, MD, Beth Glosten, MD, Mary Kemen, MD, 
Marjorie K. Robert, CRNA, and Sondra Bedwell, Bs 


OSTMAN PL, FAURE E, GLOSTEN B, KEMEN M, 
ROBERT MK, BEDWELL S. Is the antiemetic effect of the 
emulsion formulation of propofol due to the lipid 
emulsion? Anesth Analg 1990;71:536—40. 


The hypothesis that the lipid emulsion of the emulsion 
formulation of propofol is responsible for the low frequency 
of nausea, retching, and vomiting after propofol anesthesia 
was tested. A randomized, prospective, and comparative 
study was performed to evaluate the antiemetic effect of 10% 
lipid solution in 60 women, ASA physical status I and II, 
scheduled for ambulatory laparoscopic procedures. Two 
groups of patients were studied. Induction of anesthesia 
(thiopental) and maintenance of anesthesia (enflurane, ni- 
trous oxide) were similar in both groups. At induction the 
study group received 10% Intralipid (3 mL/min for 20 


Postoperative nausea and vomiting are a common 
problem after general anesthesia. They are a major 
cause of prolonged recovery time and delayed dis- 
charge from the hospital in ambulatory surgical pa- 
tients. 

Propofol is a phenol hypnotic used for induction 
and maintenance of anesthesia. It is well-suited for 
short procedures because of rapid induction and 
recovery times (1). Propofol was originally formu- 
lated in Cremophor EL as a 1% or 2% solution (2). 
Postoperative nausea and vomiting were not specifi- 
cally studied in the early literature, although O’Cal- 
laghan et al. (3) found no differences in the incidence 
of nausea or vomiting when propofol anesthesia was 
compared with alphadione anesthesia. Cremophor 
EL was eventually abandoned due to significant pain 
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min). The control group received 5% dextrose in lactated 
Ringer's solution at the same rate. Other drugs adminis- 
tered during or after anesthesia were similar among the 
groups. The groups were similar with respect to duration of 
anesthesia, characteristics of early and intermediate recov- 
ery, as well as pain scores in the postanesthesia care unit. 
There were no differences in the amount of antiemetic 
medications administered or postoperative nausea, retch- 
ing, or vomiting when the patients were evaluated objec- 
tively by a blinded observer or subjectively by patient 
self-evaluation. It is concluded that 10% Intralipid, the 
lipid in the emulsion formulation of propofol, does nct 
possess significant antiemetic effects. 


Key Words: ANESTHETICS, INTRAVENOUS—propofol. 


on injection and reports of serious anaphylactoid 
reactions (4). 

In the early 1980s, propofol was reformulated in a 
lipid emulsion (Intralipid, 10% soya bean oil, 1.2% 
egg phosphatide, 2.25% glycerol). Several recent 
studies have shown a reduced propensity for postop- 
erative nausea and vomiting in patients receiving 
propofol in lipid emulsion compared with other an- 
esthetic agents (5-7). 

Based on the lack of specific information abcut the 
antiemetic effect of the early Cremophor EL formula- 
tion of propofol, we hypothesized that the fat emul- 
sion may be partially responsible for the antiemetic 
effects of the lipid emulsion formulation of propofol. 
This prospective, randomized, and blinded study 
was designed to test this hypothesis in ambulatory 
surgical patients. 


Materials and Methods 


The protocol was approved by the University of 
Chicago Clinical Investigation Committee. Written 
informed consent was obtained from 60 unpremedi- 
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cated patients, ASA physical status I or II, scheduled 
for gynecologic laparoscopic surgery. Patients were 
randomized to receive either the 10% lipid solution in 
which propofol is emulsified (10% Intralipid, Kabi- 
Vitrum, Alameda, Calif.) or a control solution (5% 
dextrose in lactated Ringer’s solution; D5LR). Before 
induction, all patients received 3 mg d-tubocurarine, 
0.2 mg glycopyrrolate, and 1.5 ug/kg fentanyl. Four 
minutes later, anesthesia was induced with 4 mg/kg 
thiopental intravenously. Oral tracheal intubation 
was performed after succinylcholine injection (1.5 
mg/kg). Anesthesia was maintained with enflurane 
(0.5%-2%) in 66% nitrous oxide (N,O) and oxygen 
(O,). Vecuronium bromide was used to maintain 
neuromuscular blockade. Twenty to twenty-five per- 
cent of the patient’s muscle power was maintained as 
assessed with a peripheral nerve stimulator (8). Infu- 
sion of 10% Intralipid or the control solution was 
started at the same time as thiopental injection and 
continued for 20 min at the rate of 3 mL/min. This 
amount of Intralipid is about four times the amount a 
70-kg patient would receive when anesthesia is in- 
duced with propofol. A syringe infusion pump (Med- 
fusion Systems Inc., model 1001) was used for all 
infusions. After intubation, an orogastric suction tube 
was inserted with continuous suction applied until 
extubation. After completion of surgery, 0.6 mg gly- 
copyrrolate and 3.0 mg neostigmine were adminis- 
tered for reversal of the neuromuscular blockade. 

Blood pressure was measured (Dynamap, model 
1846P) once per minute until the laparoscope was in 
place, and every 5 min thereafter. Electrocardiogram 
was monitored continuously. End-tidal carbon diox- 
ide was measured continuously with a capnometer to 
maintain normoventilation in both groups. An addi- 
tional 50 wg of fentanyl was administered immedi- 
ately before placement of the laparoscopic trocar. 
Hemodynamic variables were maintained within 20% 
of awake measurements by adjusting the concentra- 
tion of enflurane. Duration of anesthesia was re- 
ported as the time from the administration of thio- 
pental until removal of the endotracheal tube. The 
times for extubation, spontaneous eye opening, and 
response to command were recorded from the time 
NO was discontinued. 

The patient, the nurse who performed recovery 
room assessment, and the nurse who determined the 
need for antiemetic/pain medication were all blinded 
to the type of infusion (Intralipid versus control). 
Postoperative analgesia was provided with intrave- 
nous fentanyl (50 ug) or oral ibuprofen (800 mg) 
when the patient tolerated oral medication. In the 
postanesthesia care unit (PACU), the patients were 
observed constantly. Recordings of retching or vom- 
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Table 1. Demographic Characteristics 


Intralipid Control 
Group (n = 30) (n = 30) 
Age (yr) 29.6 + 5.8 29.4 + 7.3 
Weight (kg) 72.2 £ 14.7 67.2 + 12.8 
Height (cm) 164 + 8 162 + 7 
Duration of anesthesia (min) 56 + 22 58 + 37 


Values are expressed as mean + sp, 


iting were done at 15-min intervals. In addition, after 
every 15-min interval the patients were asked 
whether they had experienced any nausea during the 
last 15-min period. If any of these responses were 
positive, the patient was grouped as having emesis 
during that 15-min period. Severe nausea, retching, 
or vomiting lasting over two 15-min intervals was 
treated with 0.6 mg droperidol intravenously. The 
patients also completed visual analogue question- 
naires about their subjective feeling of nausea and 
vomiting immediately before the procedure as well as 
just before their discharge. At discharge, the patients 
were asked to evaluate their overall amount of nausea 
and vomiting in the PACU. One end of the 100-mm- 
long visual analogue questionnaire was labeled as 
“none” and the other as “a lot.” In the PACU, 
intermediate recovery was followed by recording the 
Aldrete score every 15 min until a score of 10 was 
reached (9). In addition, the times when the patients 
were able to sit, stand, walk, tolerate oral fluids, and 
urinate were recorded. 

Statistical analysis for continuous data was per- 
formed using Student's t-test. Chi-square test with 
continuity correction was used for nonparametric 
variables. The required number of patients for each 
group was found to be 30 by a power analysis (10) 
predicated on the assumptions that two-tailed a = 
0.05, and £ = 0.10, and that the lipid emulsion would 
reduce nausea, retching, and vomiting by the same 
degree as would propofol (11). 


Results 


A total of 60 ambulatory surgical patients, all of 
whom were undergoing gynecologic laparoscopies, 
were enrolled in the study. The groups were demo- 
graphically similar in age, weight, ASA physical 
status, and duration of anesthesia (Table 1). Intraop- 
erative anesthetic courses were similar in the two 
groups. There were no significant differences in the 
hemodynamic variables measured or the medications 
given. 
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Table 2. Recovery Characteristics 


Intralipid Control 
Time from turning N,O off to (n = 30) (n = 30) 
Extubation (min) 6.2 + 4.4 5.12455 
Spontaneous eye opening (min) 6.7 + 4.3 6.6 +£ 5.2 
Responds to command (min) 7.6 + 4.9 7.9 £7.4 
Orientation (min) 15.8 + 9.9 14.1 + 11.4 
Aldrete score 10 (min) 24 + 27 18 + 19 
Ability to sit (min) 100 + 30 104 + 42 
Ability to stand (min) 133 + 34 122 + 42 
Ability to tolerate oral fluids (min) 119 + 68 99 + 40 
“Home-ready” (min) 182 + 64 177 + 69 


Values are expressed as mean + sp. 


Table 3. Medications in the Postanesthesia Care Unit! 


Intralipid Control 

(n = 30) (n = 30) 
Fentanyl (50 ug) 7 10 
Ibuprofen (800 mg) 19 17 
Droperidol (0.625 mg) 5 4 


“The numbers represent the number of patients in each group who 
received pain and/or antiemetic medication. 
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Figure 1. The percent of patients with nausea, retching, and/or 
vomiting at 15-min intervals in the PACU. 


Early and intermediate recovery characteristics, as 
well as ““home-readiness” were similar between the 
groups (Table 2). There were no significant differ- 
ences in the amount of pain the patients experienced 
or pain medications used in the PACU (Table 3). No 
differences between the groups were found in the 
frequency of nausea, retching, and/or vomiting dur- 
ing any of the 15-min intervals as evaluated by the 
blinded nurse observer (Figure 1) or as quantified by 
the patient in the visual analogue questionnaire at 
discharge (Figure 2). Four patients in the control 
group and five patients in the lipid group received 
droperidol to control their emesis. The number of 
patients who did not have any nausea, retching, or 
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Figure 2. The degree of nausea and vomiting in the PACU as 
assessed by the patients using the visual analogue questionnaire. 


Table 4. Frequency of Emesis 


Intralipid Control 

Group (n = 30) (1 = 30) 
No emesis 8 9 
Nausea 6 5 
Retching 0 2 
Vomiting 16 14 


vomiting during the PACU stay was similar in the 
two groups (Table 4). 


Discussion 


Emesis is one of the most unpleasant side effects after 
ambulatory surgery. The incidence and severity of 
postoperative nausea, retching, or vomiting when 
Cremophor EL was used as a solvent for propofol 
have not been specifically studied. No differences 
were found in the incidence of nausea or vomiting 
when alphadione or propofol general anesthesia was 
used in combination with regional anesthesia (3). 
One study reported a low incidence of nausea and 
vomiting after brief gynecologic procedures using 
Cremophor EL formulation of propofol, but no com- 
parisons were made with other anesthetic agents 
(12). Methohexital and propofol were compared as 
induction agents in patients having minor gyneco- 
logic operations (13). These patients were visited 
within 24 h of surgery, and the occurrence of nausea 
and vomiting was recorded. Both groups had a low 
incidence of nausea and vomiting, but a slightly 
higher incidence was observed in the methohexital 
group. Finally, no differences were found in the 
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incidence of vomiting or nausea in ambulatory pa- 
tients who received thiopental/halothane/N,O anes- 
thesia compared with those who received propofol/ 
N-O anesthesia (14). The results of these earlier 
studies are difficult to analyze because the criteria for 
nausea, retching, or vomiting were sometimes poorly 
defined and the assessment of the incidence of nau- 
sea, retching, and vomiting was not the primary 
objective of the studies. However, one can conclude 
that no specific antiemetic effects were evident with 
the Cremophor EL formulation of propofol. This is in 
contrast to recent studies using the lipid emulsion 
formulation of propofol, in which a specific anti- 
emetic effect has been reported (6). 

Anesthesia is one of many factors (some others 
being surgical, metabolic, psychogenic, gastrointesti- 
nal) that may influence the incidence of postoperative 
nausea, retching, and vomiting. However, the anes- 
thesiologist can influence the incidence of postoper- 
ative nausea and emesis with the choice of anesthetic 
agents. Recently, several studies have shown an 
incidence of postoperative nausea and vomiting in 
patients given propofol in lipid emulsion that is less 
than that with other anesthetic agents (5-7,11). 

Studies of postoperative nausea and emesis usu- 
ally group the patients into “yes” or “no” categories 
depending on the presence or absence of nausea, 
retching, or vomiting during the total time in the 
PACU. This type of categorizing does not reflect 
clinical outcome or the amount of care required by 
patients, i.e., a patient who vomits once is grouped 
together with a patient having prolonged nausea 
and/or emesis. In Figure 1 the groups are presented 
according to their emesis profile. The emesis profile is 
defined as the incidence of nausea, retching, and/or 
vomiting with respect to time periods in the PACU. It 
can be seen that there are no differences in the emesis 
profile between the groups. 

The fat emulsion dose used in this study (60 mL) is 
about four times the amount a 70-kg patient would 
have received if anesthesia was induced with propo- 
fol. Earlier studies in ambulatory gynecologic patients 
where anesthesia was maintained with isoflurane 
and NO revealed that patients who received thio- 
pental for the induction of anesthesia had more 
emesis than those who had received propofol for 
induction (15). Therefore, we assumed that this high 
dose should give a positive result if the fat emulsion 
had any clinically significant antiemetic effects. 

To emphasize further our conclusion that the lipid 
emulsion is not the cause for the low frequency of 
nausea, retching, and vomiting associated with 
propofol anesthesia, the emesis profile of the propo- 
fol group from our previous study is included (Figure 
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Figure 3. The percent of patients with nausea, retching, and/or 
vomiting at 15-min intervals in the PACU. The propofol group 
from a previous study (Reference 11) is shown for comparison. 


3). The methods for assessing the frequency of nau- 
sea, retching, and vomiting, the type of surgery, and 
the patient characteristics in that study were similar 
to those in the present study. The emesis profile of 
the propofol group is clearly different from that of the 
groups in the present study. 

This study demonstrated that Intralipid, the lipid 
in the emulsion formulation of propofol, does not 
possess significant antiemetic effects. Emesis is a 
reflex response of the vomiting center. Auditory and 
visual input, and stimuli from the autonomic nervous 
system, as well as other cortical stimuli and input 
from the chemoreceptor trigger zone, can provoke 
emesis. The mechanism of the low frequency of 
emesis after propofol anesthesia remains unknown. 
Propofol may stimulate the chemoreceptor trigger 
zone less than other anesthetics. The rapid clearance 
of propofol may also contribute to the apparently 
lower frequency of emesis postoperatively. 
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A Comparison of Conductivity-Based Hematocrit Determinations 
With Conventional Laboratory Methods in Autologous 


Blood Transfusions 


Dennis J. McMahon, BS, CBET, and Randall L. Carpenter, MD 


McMAHON DJ, CARPENTER RL. A comparison of 
conductivity-based hematocrit determinations with 
conventional laboratory methods in autologous blood 
transfusions. Anesth Analg 1990;71:541-4. 


An investigation was made of the accuracy of a portable 
hematocrit measurement device (Stat-Crit) on the infusate 
of an autologous blood transfusion system. Baseline hemat- 
ocrit values were determined by three methods on in vivo 
blood samples of surgical patients immediately after the 
start of surgery, and again on the first product of the 
autologous blood retrieval system. At baseline, there were 
no significant differences in the values determined by the 
Stat-Crit (33.4% + 6.2%, mean + sp) and those deter- 
mined by the microcentrifuge technique (33.8% + 4.7%) or 
by the Coulter method (33.5% + 4.5%) (P = 0.9). In 


The proportion of packed cell volume in whole blood, 
or the hematocrit, has always been a useful factor in 
monitoring the hematologic status of patients under- 
going major surgical procedures. Conventional labo- 
ratory methods for determining hematocrit are based 
on volumetric processing or individual cell detection. 
For almost 10 yr now, a compact device has been 
available (the Stat-Crit, Wampole Laboratories, Divi- 
sion of Carter-Wallace, Inc., Cranbury, N.J.) that 
determines hematocrit based on electrical conductiv- 
ity. This device exploits the fact that erythrocytes 
offer a higher resistance to electrical conduction than 
plasma does. Previous studies have suggested a high 
correlation between hematocrit values determined by 
this method and those determined by standard labo- 
ratory techniques (1). However, we questioned 
whether this device would accurately measure hemat- 
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contrast, hematocrit values determined on infusate samples 
by the Stat-Crit (36.6% + 4.8%) were significantly lower 
than those determined by the microcentrifuge technique 
(51.2% + 5.9%) or by the Coulter method (51.6% = 
5.8%) (P = 0.0001). 

This study confirms close agreement of hematocrit values 
derived by the conductivity of whole blood in normal 
samples with those determined by conventional laboratory 
techniques, but indicates that this method will report falsely 
low readings in situations where plasma has been replaced 
by crystalloid, as in patients who have recetved large 
transfusions of processed autologous blood. 


Key Words: BLOOD, HEMATOCRIT. 
TRANSFUSION, AUTOLOGOUS. 


ocrit when blood plasma was diluted or replaced with 
crystalloid. One clinical situation where this occurs, 
to an extreme, is in the processing of blood in an 
autologous transfusion system. The typical blood 
retrieval and reinfusion technique involves the virtual 
replacement of blood plasma with saline. This re- 
placement would be expected to alter the conductiv- 
ity of the infusate and thus alter the hematocrit values 
returned by a conductivity-based device. This study 
was undertaken to compare the accuracy of the 
Stat-Crit with conventional techniques when applied 
to autologous infusate. 


Methods 


The population for this study consisted of patients 
undergoing elective surgical procedures for car- 
diothoracic surgery or total hip replacement. The 
study was approved by an investigational review 
board. For each patient, routine preoperative analy- 
ses performed within 24 h before surgery were 
checked to confirm that values for sodium, potas- 
sium, chloride, total protein, and white blood cell 
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Table 1. Ranges of Whole Blood Values Needed for Use 
of Stat-Crit for Hematocrit Determinations 


Range of values 


Serum electrolytes (mEq/L) 
+ 


Na 135-155 

K* 3.6-5.5 

Cir 98-109 
Plasma total protein (g/dL) 6.6-8.3 
White cell count (cells/pL) 4,300--10,000 


count fell within the ranges accepted as normal by the 
manufacturer of the Stat-Crit device (Table 1). 

Within a total candidate population of 53 patients, 
41 met the criteria for preoperative hematologic val- 
ues defined above. Before use each day, the calibra- 
tion of the Stat-Crit was confirmed using the manu- 
facturer’s recommended protocol. 

In each patient, a 5-mL baseline sample of blood 
was taken from the arterial or venous catheter after 
the induction of anesthesia but before the processing 
of retrieved blood. Several drops of the sample were 
introduced into a disposable sample carrier, and the 
hematocrit was immediately determined in the Stat- 
Crit. The balance of the sample was drawn into a 
partially evacuated disposable tube containing 0.1 mL 
of tripotassium ethylenediaminetetraacetic acid anti- 
coagulant. This sample was sent to the laboratory, 
where the hematocrit value was determined by two 
methods. In the microcentrifuge method, 0.1 mL of 
sample was drawn into two plain capillary tubes, 
sealed with clay, and spun in a microcentrifuge 
(Damor/IEC Corp model MB) at 10,000 to 15,000 g for 
5 min. After removal from the centrifuge, the two 
capillary tubes were read for hematocrit in a micro- 
capillary reader (IEC 2201); the two values agreed 
with each other within 2%. In the second method, the 
balance of the sample was drawn into the chamber of 
a Coulter Corp model STKR for analysis by the 
Coulter technique. 

Blood lost during surgery was processed in the 
autologous transfusion system (Haemonetics Corp 
Cell-Saver model 3+) in which collected blood is 
pumped into a spinning centrifuge bowl and washed 
with physiologic saline, and the remaining concen- 
trated red blood cells (RBCs) are transferred to a 
reservoir bag for subsequent reinfusion into the pa- 
tient. A 5-mL sample of the first volume of processed 
blood was drawn from the infusate bag for analysis. 
As in the baseline sample, a hematocrit value was 
determined on site by the Stat-Crit, and the balance 
of the sample was sent to the laboratory for hemato- 
crit determination by the two methods described 
above. The infusate sample was sent in a plain 
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Table 2. Hematocrit Values Measured by the Three 
Techniques in Baseline (Control) Samples and in 
Processed Autologous Blood (Infusate) Samples 


Sample Centrifuge Coulter STKR Stat-Crit P 
Control 33.8 + 4.7 33.5 + 4.5 33.4462 0.9 
Infusate 51.2 + 5.9 51.6 + 5.8 36.6 + 4.87 0.0001 


“Different from centrifuge and STKR by the Scheffe F-test. 


evacuated tube, without anticoagulant, because the 
infusate from the autologous transfusion system is 
devoid of clotting factors. 

Laboratory determinations were conducted by a 
variety of medical technologists at various times of 
the day, and the two methods were performed in 
alternate sequences, so that human factors involving 
anticipated outcomes or irregularities in technique 
tended to be nullified. Patient identification number, 
surgical procedure, preoperative serum electrolyte 
levels, total plasma protein, white cell count, and all 
baseline and infusate hematocrit readings were re- 
corded. 

To establish the electrolyte levels in the autologous 
infusate, 10 randomly selected infusate samples were 
also analyzed in the laboratory for sodium, potas- 
sium, and chloride levels. These values were re- 
corded and tabulated. 

Correlations between hematocrit values deter- 
mined by the three methods were assessed by simple 
linear regression. Differences between the hematocrit 
values determined by the three methods were as- 
sessed by analysis of variance. When significant 
differences were observed, they were identified by 
the Scheffe F test. P < 0.05 was considered to be 
statistically significant. 


Results 


There were no differences in the hematocrit values 
determined by the three methods in the baseline 
samples (Table 2). Hematocrit values measured on 
the baseline samples correlated well for all three 
methods, with R? = 0.67 with a slope of 1.08 for the 
regression of the centrifuge and Stat-Crit hematocrit 
values (P = 0.0001), R? = 0.66 with a slope of 1.12 for 
the regression of the STKR and Stat-Crit hematocrit 
values (P = 0.0001), and R* = 0.97 with a slope of 0.94 
for the regression of the centrifuge and STKR hemat- 
ocrit values (P = 0.001) (Figure 1). 

Hematocrit values determined on infusate samples 
by the Stat-Crit were significantly lower than those 
determined by the other two methods (Table 2). The 
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Figure 1. Correlation of Coulter STKR and Stat-Crit baseline he- 
matocrit values with hematocrit values determined by centrifuge. 
The solid line represents the line of identity. 


70> o STKR 
a Statcrit 





Statcrit or STKR Het (%) 


20 
20 30 40 50 60 70 


Infusate Centrifuge Het (%) 


Figure 2. Correlation of Coulter STKR and Stat-Crit hematocrit 
values in autologous infusate with hematocrit values determined 
by centrifuge. The dashed line represents the regression line for the 
otat-Crit values compared with those determined by the centri- 
fuge. The solid line represents the line of identity. 


differential between the averaged hematocrit value by 
laboratory methods and the Stat-Crit values was 
14.8% + 2.6% (mean + sp). However, correlations 
between the values determined by the three methods 
remained excellent (Figure 2). R* = 0.81 with a slope 
of 0.72 for the regression of the centrifuge and Stat- 
Crit hematocrit values (P = 0.0001), R? = 0.78 with a 
slope of 0.73 for the regression of the STKR and 
Stat-Crit hematocrit values (P = 0.0001), and R* = 
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0.96 with a slope of 0.95 for the regression of the 
centrifuge and STKR hematocrit values (P = 0.0001). 

The mean serum electralyte levels in the 10 infu- 
sate samples were as follows: sodium, 162.8 + 1.7 
mEq/L; potassium, 4.8 + 3.2 mEq/L; and chloride, 
131.9 + 2.1 mEq/L. 


Discussion 


In the original method of determining hematocrit 
described by Wintrobe, a relatively large sample of 
blood was spun at about 2000 g for 30 min (2). In the 
microcentrifuge technique, a pair of capillary tubes 
containing approximately 0.2 mL of blood are spun at 
10,000 to 15,000 g for 5 min, and the proportion of 
column height is interpreted as the volume of packed 
erythrocytes by means of a calibrated visual reader. 
The method is subject to errors in cases of elevated 
white cell and platelet counts, trapped plasma, or 
poor technique. By the late 1970s, the microcentrifuge 
technique was virtually replaced in clinical laboratory 
practice by the Coulter method, which is based on the 
electrical characteristics of discrete cells (3). In the 
Coulter method, approximately 200 uL of sample is 
diluted, then aspirated through an aperture between 
two current-conducting electrodes. The passage of 
each RBC through the aperture creates a brief de- 
crease in current due to the high impedance of RBCs. 
The number and amplitude of the current flow pulses 
is electronically interpreted in terms of RBC count 
and mean corpuscular volume, and the hematocrit is 
then calculated using these two factors. Each sample 
can be analyzed in less than 1 min. 

The conductivity of RBCs was first investigated in 
1929 by Stewart (4), but it was not until 1948 that the 
conductivity of whole blood in relation to RBCs was 
studied by Rosenthal and others (5,6). By the early 
1960s, the first instruments were described for the 
determination of hematocrit based on the electrical 
conductivity of a blood sample (7-9). In the most 
recent refinement of the technique, as used in the 
Stat-Crit, approximately 0.1 mL of blood is intro- 
duced into the channel of a disposable plastic carrier, 
which is inserted into a retainer on the Stat-Crit. On 
insertion, two electrodes come into contact with the 
sample, and a microswitch is closed, starting the 
analysis. The sample is exposed to three separate 
high-frequency signals of about 0.3 s each, within a 
5-s period. The averaged impedance, and thereby the 
conductivity, of the sample is measured, and the 
hematocrit (as well as the derived hemoglobin in 
g/dL) is displayed digitally. 

Accuracy of the conductivity method of hematocrit 
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determination depends on specific ranges of temper- 
ature, concentrations of electrolyte and total protein, 
and white cell count. The baseline samples in this 
study were within these ranges, and there was a high 
correlation of the values returned by the Stat-Crit 
with those obtained by both laboratory methods. In 
contrast, values determined by the Stat-Crit in infu- 
sate samples were significantly lower than those 
determined by the other two methods (P = 0.0001). 
Part of this variance may be explained by the high 
levels of sodium and chloride ions in the infusate of 
the autologous transfusion system. The increase in 
electrolyte concentration increases conductivity in the 
sample. Because plasma has a greater conductivity 
than RBCs, the increased total conductivity is inter- 
preted by the Stat-Crit as a lower hematocrit. Litera- 
ture accompanying the Stat-Crit suggests that an 
error of —1.3 in the hematocrit percentage should be 
expected for every 10 mEq/L increase in any of the 
three electrolytes (sodium, potassium, or chloride). 
The increased concentrations of sodium and chloride 
in the infusate should produce an error in the Stat- 
Crit readings of about —4 in the hematocrit percent- 
age rather than the observed mean deviation of 
—14.8%. Because saline has an even greater conduc- 
tivity than plasma, we suspect that the replacement 
of plasma with saline accounts for the additional 
error. The fact that total protein levels are virtually 
zero in the infusate is thus the most likely cause of 
this additional error. 

The average volume of blood product reinfused in 
the population in this study was about 800 mL. But in 
protracted surgical procedures involving autotransfu- 
sion (extensive vascular revisions, transplants, or 
trauma), it is not uncommon for very large volumes 
(>2000 mL) of blood to be processed and reinfused. 
Progressive replacement of plasma with saline in 
these patients may produce a significant increase in 
conductivity of blood. Similarly, operations resulting 
in large blood losses that are replaced with crystalloid 
and packed RBCs could lead to substitution of crys- 
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talloid for plasma. We speculate that devices that 
derive hematocrit values by the conductivity method 
may give falsely low readings in these situations. 

In conclusion, an investigation was made of the 
accuracy of a portable hematocrit measurement de- 
vice (Stat-Crit) on the infusate of an autologous blood 
transfusion system. Baseline hematocrit values were 
obtained by three methods on in vivo blood samples 
of surgical patients immediately after the start of 
surgery and again on the first product of the autolo- 
gous blocd retrieval system. At baseline, there were 
no significant differences in the values determined by 
the Stat-Crit and those determined by the microcen- 
trifuge technique or by the Coulter method. In con- 
trast, hematocrit values determined on infusate sam- 
ples by the Stat-Crit were significantly lower than 
those determined by the microcentrifuge technique 
or by the Coulter method. 
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Pregnancy decreases anesthetic requirements during re- 
gional anesthesia. Using an in vitro animal model, this 
study attempts to elucidate the mechanism of hormonal 
effects on nerve conduction in desheathed rabbit vagus 
nerve. The acute effects of progesterone administration on 
neural blockade induced by bupivacaine were investigated in 
terms of changes in compound action potentials of A, B, and 
C fibers. No change in baseline compound action potential 
was found after 30 min of perfusion of the nerve with 
progesterone. Exposure of the nerve to progesterone before 
exposure to bupivacaine did not significantly increase the 


Pregnancy is associated with a decrease in anesthetic 
dose requirements. Pregnant women need approxi- 
mately 25% less local anesthetic for epidural analgesia 
than nonpregnant women (1). Various theories have 
been proposed to explain this decrease in dose re- 
quirements. Distention of the epidural veins de- 
creases the size of the epidural space and may in- 
crease spread of local anesthetics. Hormonal changes 
of pregnancy may alter nerve response to local anes- 
thetics. 

Isolated vagus nerves from pregnant rabbits or 
from rabbits chronically treated with progesterone 
are significantly more sensitive to bupivacaine- 
induced conduction blockade (2-4). The mechanism 
by which progesterone enhances the sensitivity of 
nerves to conduction blockade by local anesthetics is 
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degree of conduction blockade produced by bupivacaine, and 
a radioactive assay demonstrated that progesterone was 
taken up acutely by neural tissue over a 45-min measure- 
ment period. These results indicate that although proges- 
terone was taken up in significant amounts by neural 
tissue, an acute exposure does not increase the sensitivity of 
the nerves to bupivacaine. Hence, the increased sensitivity . 
of nerves to local anesthetics seen with pregnancy or with 
chronic progesterone treatment requires some period of time 
to occur. The mechanism is therefore unlikely to be a direct 
effect of progesterone on the cell membrane but may involve 
hormonal effects on protein synthesis. 


Key Words: ANESTHETICS, tocaLt—bupivacaine. 
PREGNANCY, ANESTHETIC SENSITIVITY. 


unclear. In previous in vitro studies, isolated nerves 
were chronically exposed to progesterone for periods 
ranging from 4 days to 4 wk. The present study 
attempts to determine whether acute exposure to 
progesterone is capable of producing changes in 
neural sensitivity. Determining the length of expo- 
sure required will help to define the actions of pro- 
gesterone at the cellular level. The absence of an 
acute effect of progesterone on neural sensitivity to 
local anesthetic may imply that the mechanism does 
not involve a direct alteration in membrane perme- 
ability. 

In the present study, isolated rabbit vagus nerves 
were acutely exposed to progesterone in the sur- 
rounding bathing medium for 30 min. The effect of 
acute progesterone exposure alone on conduction 
blockade was measured. The effect of acute pretreat- 
ment with progesterone on conduction blockade pro- 
duced by bupivacaine was also evaluated. Finally, the 
amount of radioactive progesterone taken up by the 
neural tissue during this period of acute exposure 
was determined. 
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Methods 


Animals were housed in an animal-care facility ap- 
proved by Harvard Medical School and the National 
Institutes of Health, and were treated in accordance 
with the Harvard Medical Area Guidelines for animal 
care and use of laboratory animals. Vagus nerves 
were obtained from New Zealand white rabbits sup- 
plied by Milbrook Farms of New England and weigh- 
ing 4.5-5.5 kg. Animals were anesthetized with in- 
travenous thiamylal (1.5 mg/kg) before being killed 
by intravenous air embolus. The vagus nerves were 
rapidly removed, desheathed, and stored at room 
temperature (22°C) in HEPES-Liley solution contain- 
ing 136.8 mM NaCl, 5.0 mM KCI, 2.0 mM CaCl, 
1.0 mM MgCl, and 11.0 mM dextrose, and buffered 
by the addition of 3.0 mM N-2-hydroxyethylpipera- 
zine-N’-2-ethane sulfonic acid (HEPES). The pH was 
adjusted to 7.35-7.40 by the addition of 0.1 N NaOH. 
The progesterone solution was prepared by suspend- 
ing progesterone in absolute alcohol, evaporating the 
alcohol with a warming bath, and resuspending the 
progesterone in HEPES-Liley to obtain a concentra- 
tion of 200 ng/mL. 

The desheathed nerves were transferred to a plex- 
iglass stimulation chamber, and an electrophysiologic 
method involving sucrose gap was used (5). One end 
of the nerve was stimulated by bipolar extracellular 
electrodes (Ag/AgCl) in small pools (~50 uL each) 
containing control buffer solution and isolated from 
the recording pools by petroleum jelly. An 8-mm 
length of the nerve was exposed to drugs in the same 
solution (~300 uL) containing one of the Ag/AgCl 
recording electrodes; the other electrode rested in a 
HEPES solution that bathed the other “intracellular” 
end of the nerve. These two recording zones are 
separated by a “sucrose-gap”’ consisting of a hollow 
cylinder of 3-mm diameter, which intersects the 
nerve to perfuse it with the insulating, nonionic 
sucrose (isotonic at 0.25 M). Because of the removal of 
extracellular ions in the sucrose-gap by continuous 
perfusion of the nonelectrolyte (2-3 mL/min), the 
action potentials cannot propagate through this re- 
gion. The potential between the two electrodes is 
proportional to the true transmembrane potentials, 
averaged for the different fibers. Nerves were stimu- 
lated using surface platinum electrodes with a Grass 
stimulator and Grass Stimulus Isolation Unit. Stimu- 
lus intensities were adjusted to obtain the maximum 
compound action potential (CAP) on a Tektroniks 
model 5113 storage oscilloscope. Measurements of 
the CAP were made from photographs of the images 
displayed on the storage oscilloscope. The A, B, and 
C fibers were identified by their respective conduc- 
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tion velocities. Compound action potentials were 
recorded every 5 min during the observation periods. 
At the end of each set of experiments, at least 
80%-90% recovery of control CAP was required to 
ensure that any observed conduction blockade was 
not secondary to nerve damage. 

Three sets of experiments were performed. The first 
set of experiments determined whether baseline CAP 
changed after acute exposure to progesterone alone 
(n = 10 vagus nerves). After stabilization, half of the 
nerves were perfused with HEPES-Liley for 30 min and 
half were perfused with progesterone in HEPES-Liley 
for 30 mir. with CAP measured at 5-min intervals. 

The second set of experiments looked at the effect 
of acute pretreatment with progesterone on the con- 
duction blockade produced by bupivacaine in two 
groups of nerves. The first group of 14 nerves was 
exposed to progesterone for 30 min, and the second 
group of 14 nerves was exposed to HEPES-Liley for 
the same period of time. Seven nerves in each group 
were then treated with 0.025 mM bupivacaine and 
seven nerves with 0.05 mM bupivacaine for a period 
of 30 min. The compound action potential was re- 
corded at 5-min intervals throughout these periods. 
After exposure to bupivacaine, all nerves were 
washed in HEPES-Liley until 80%-90% recovery of 
baseline CAP was obtained. 

The third group of experiments determined the 
amount of progesterone taken up by neural tissue in 
this study. Five nerves were placed in test tubes with 
1 mL of solution containing trittum-labeled progester- 
one. The nerves were rinsed thoroughly in HEPES- 
Liley and were disintegrated overnight in 1 mL of 1 N 
KOH in scintillation vials in a 40°C oven. The amount of 
radioactive progesterone taken up after 5, 15, 30, and 45 
min was measured in a scintillation chamber. 

At the end of the first two sets of experiments, the 
peak CAPs for A, B, and C fibers were recorded and 
compared with baseline values. Results were ex- 
pressed as indicated in the figures, either as mean 
CAP amplitude or as percent reduction in CAP am- 
plitude achieved at the end of the 30-min exposure 
periods. Results for the second and third sets of 
experimerits are expressed as mean + standard error. 
Linear regression analysis and analysis of variance 
were used where appropriate to determine differ- 
ences between groups. Statistical significance was 
assumed with P values less than 0.05. 


Results 


The first set of experiments showed no change in 
baseline CAP after acute exposure to progesterone 


ACUTE PROGESTERONE TREATMENT OF NERVES 


(Figure 1). Each graph describes the results of a 
separate fiber type. For each fiber type, the amplitude 
of CAP at 0, 15, and 30 min is illustrated. No 
significant changes in CAP amplitude appeared over 
the 30-min measurement period in any of the fiber 
types in the two groups. There were no significant 
differences in CAP between the nerves infused with 
HEPES-Liley and the nerves infused with progester- 
one at any point measured during the infusion pe- 
riod. 

The second set of experiments showed that acute 
pretreatment with progesterone did not significantly 
increase the amount of conduction blockade pro- 
duced by 0.25 or 0.5 mM bupivacaine. Figure 2 
illustrates data using the higher concentration of 
bupivacaine. For each fiber type, the degree of de- 
pression of baseline CAP is illustrated after exposure 
first to HEPES-Liley and then to bupivacaine (solid 
bars), and after exposure first to progesterone and 
then to bupivacaine (dotted bars). There were no 
significant differences in the amount of depression of 
baseline CAP by bupivacaine after acute exposure to 
either HEPES-Liley or progesterone. 

The third set of experiments showed that during 
the period of acute exposure progesterone was taken 
up by neural tissue (Figure 3). The amount of proges- 
terone contained in the neural tissue continued to 
increase over the 45-min measurement period. 


Discussion 


Both anatomic and hormonal effects may be respon- 
sible for the wider dermatomal spread of anesthesia 
after epidural administration of local anesthetic solu- 
tions to pregnant patients (1). Chronic exposure to 
progesterone alters local anesthetic sensitivity to 
nerve fibers (2-4). Changes in the connective tissue or 
in the sensitivity of the nerve membrane have been 
proposed as explanations. Results from the present 
study indicate that although progesterone is taken up 
in significant amounts by neural tissue after acute 
exposure, the acute exposure to progesterone does 
not increase the sensitivity of the nerves to bupiv- 
acaine. Previous studies from our laboratory have 
shown that intact vagus nerves have an increased 
sensitivity to bupivacaine after chronic exposure to 
progesterone, perhaps resulting from a cellular alter- 
ation affecting sensitivity to local anesthetics. Acute 
exposure does not produce the same alteration. 

In our previous experiments, the connective tissue 
sheath was not removed from the nerves before drug 
exposure. The current study is the first from our 
laboratory that utilizes desheathed nerves. This prep- 
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Figure 1. Compound action potential amplitude after acute expo- 
sure to either HEPES-Liley or prcgesterone. Top, A fibers; middle, B 
fibers; bottom, C fibers. 
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Figure 2. Percent depression of CAP by 0.5 mM bupivacaine after 
acute exposure to either HEPES-Liley or bupivacaine. 
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Figure 3. Amount of radioactive progesterone taken up by neural 
tissue during acute exposure. 


aration eliminates the influence of drug diffusion 
across the connective tissue sheath as a factor and 
therefore gives a more accurate representation of 
drug effect on the nerve membrane itself. This mea- 
surement is representative of the average resting 
potential and the true monophasic action potentials 
from the different fiber types. In contrast to the 
“extracellular chamber” used with sheathed nerves, 
the sucrose-gap measures the behavior of the nerve 
membrane directly exposed to drug. Progesterone 
and estrogen are known to alter the permeability of 
the intercellular connective tissue matrix, which 
might facilitate diffusion of local anesthetics across 
the nerve sheath (6). The finding that acute exposure 
in the desheathed nerve does not increase local 
anesthetic-induced conduction blockade would seem 
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to eliminate acute hormonal effect on the connective 
tissue matrix as an etiology. In previous studies, a 
significant difference in the CAP produced by bupiv- 
acaine was found between the group chronically 
treated with progesterone and the control groups 
once the nerve preparation stabilized and a steady- 
state block was achieved. The fact that this difference 
existed during the steady-state block would also seem 
to indicate that progesterone effects on the connective 
tissue matrix are not solely responsible for the differ- 
ences seen. 

The concentration of progesterone to which nerves 
were exposed in this experiment was much higher 
than that expected in the pregnant animal (6 ng/mL) 
and was chosen because it was similar to concentra- 
tions measured in the animals chronicallv treated 
with progesterone in our previous studies. These 
supramaximal concentrations are used to ensure that 
any progesterone effects will be apparent and will not 
be dependent on concentration. 

The mechanism by which progesterone alters local 
anesthetic sensitivity is unclear. Progesterone is 
known to alter protein synthesis (7), and possibly 
may influence proteins that affect membrane sensi- 
tivity. Chronic exposure to progesterone may result 
in the formation of metabolites that interact with the 
neural sodium channels so that the addition of bu- 
pivacaine results in the blockade of a greater number 
of functional channels. Further studies will attempt to 
elucidate these mechanisms better. 
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The activated coagulation time (ACT) is widely used to 
guide heparin and protamine dosing during cardiac sur- 
gery. A common protocol involves establishing a baseline 
ACT before administering heparin, then using this ACT as 
a target value for assessing the adequacy of heparin neu- 
tralization after cardiopulmonary bypass. Results vary in 
previous comparisons of baseline ACT to postprotamine 
ACT, with some showing postprotamine ACT significantly 
below baseline values. The present study examined ACTs at 
three possible baseline intervals in 68 patients at two 


Since Bull et al. introduced heparin monitoring to 
cardiac surgery in 1975, use of the activated coagula- 
tion time (ACT) has become widespread (1,2). Acti- 
vated coagulation time is a whole-blood clotting time 
that uses a contact surface activant to facilitate clot- 
ting. This activant, commonly diatomaceous earth, 
reduces blood clot formation time within a test tube 
from approximately 4-6 min to approximately 1.5- 
2.5 min, depending on the specific methods used. 
The clinical utility of ACT in cardiac and vascular 
procedures stems from simplicity, bedside availabil- 
ity, sensitivity to heparin-induced anticoagulation, 
and the fairly rapid availability of results. Activated 
coagulation time primarily tests the intrinsic plasma 
coagulation cascade, but the results can be influenced 
by platelet abnormalities. Whole-blood heparin con- 
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institutions: (a) before anesthetic induction; (b) after anes- 
thetic induction; and (c) after sternotomy. Baseline ACT 
decreased significantly with anesthesia and surgery. The 
poststernotomy baseline ACT best matched the postprota- 
mine ACT. It appears likely that surgery induces a throm- 
boplastic response that decreases ACT. Establishing base- 
line ACT before anesthetic induction would predispose to 
false diagnoses of adequate protamine neutralization after 
cardiopulmonary bypass, because ACT ts relatively insen- 
sitive to low concentrations of unneutralized heparin. 
Baseline ACTs should therefore 5e measured after surgical 
incision. 


Key Words: BLOOD, cLotTinc—activated 
coagulation time (ACT). 


centration can be measured directly, but the ACT 
appears more useful because it measures the antico- 
agulant effect of heparin, and patients vary widely in 
their sensitivity to heparin-induced anticoagulation. 

Activated coagulation time management protocols 
commonly involve establishing a baseline (or control) 
ACT before administering heparin for cardiopulmo- 
nary bypass (CPB). This value then serves as a 
starting point for a heparin versus ACT dose- 
response curve and as a target value for heparin 
neutralization with protamine. Bull et al. obtained 
baseline ACTs from patients either the night before 
surgery or upon arrival in the operating room (1,2). 
Several subsequent studies have evaluated ACT- 
based heparin management, but none have reported 
the time of baseline ACT measurements more E 
ically than “before heparin” (3-8). 

One recent study reported postprotamine ACTs 
significantly below ACTs measured before anesthetic 
induction (9), which initiated debate about possible 
explanations for this observation (10,11). We rea- 
soned that anesthesia and surgery might alter the 
baseline ACT, and tested this hypothesis by measur- 
ing ACT at three intervals before anticoagulation for 
CPB. 
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Methods 


After obtaining approval from human research prac- 
tices committees at both institutions, 68 patients were 
studied, excluding patients receiving heparin or war- 
farin within 5 days of surgery. Patients were grouped 
by institution: group 1 consisted of 48 patients (35 
men, 13 women; mean age, 60 + 9 [sp] yr) undergo- 
ing cardiac surgery requiring CPB (39 coronary artery 
bypass grafts [CABG], eight valve replacements, one 
combined CABG/valve) at Wake Forest University 
Medical Center. Activated coagulation time samples 
were taken from a radial artery catheter (20-gauge 
Teflon) separated from the blood sampling site by 
15 cm of high-pressure tubing (sampling dead space 
<1.0 mL). Before aspirating ACT samples, a 5-mL 
sample was withdrawn to clear the heparin flush 
solution (12,13). Protamine doses were determined 
by an automated protamine titration algorithm 
(HemoTec Inc., Englewood, Colo.). 

Group 2 included 20 patients (15 men, five women; 
mean age, 63 + 7 yr) undergoing similar cardiac 
procedures (17 CABG, two valve replacements, one 
combined CABG/valve) at St. Vincent’s Hospital. In 
this group, ACT samples were taken via a radial 
artery catheter (20-gauge Teflon), approximately 
100 cm of high-pressure tubing (sampling dead space 
<3.0 mL), and a three-way stopcock after withdraw- 
ing 20 mL to clear the heparin flush solution (12,13). 
For this group, an initial intravenous protamine dose 
of 2 mg/kg was administered, followed in 5 min by an 
ACT measurement. After this an additional 50 mg of 
protamine was given, followed by another ACT mea- 
surement. Subsequent 50-mg protamine increments 
were given only if ACT remained higher than the 
lowest pre-CPB ACT and decreased =12 s after the 
first 50-mg supplement. 

In both groups, ACT was measured at four inter- 
vals: before anesthetic induction, 5-10 min after com- 
pleting anesthetic induction and endotracheal intuba- 
tion (before surgical incision), 5 min after sternotomy, 
and 5 min after completing protamine infusion into 
the right atrium. In group 2 patients the postprota- 
mine ACT was defined as the lowest ACT obtained 
during the in vivo protamine titration described 
above. Activated coagulation times were measured 
using 2.0 mL of whole blood placed in Celite- 
activated tubes through an 18-gauge needle. The 
tubes were then placed in a Hemochron 400 or 800 
automated ACT device (International Technidyne, 
Metuchen, N.J.). 

Activated coagulation times at each of the different 
sampling times were compared with one another by 
Holm’s sequentially rejective paired two-tailed t-test 
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Table 1. Activated Coagulation Time Values During 
Cardiac Surgery 


Time of determination Group 1 Group 2 
Preinduction 141 + li 150 + 20 
Postinduction 136 + 15° 140 + 25° 
Sternotomy 130 + 127% 120 + 23°" 
Protamine 130 + 1° 129 + 197% 


Activated coagulation time given in seconds. 
“P < 0.05, compared with preinduction values. 
"P < 0.05, compared with postinduction values. 


(14), with P < 0.05 considered to be statistically 
significant. 


Results 


Table 1 shows the ACT results at different times by 
group. Within both groups, all paired ACT compari- 
sons differed significantly except for the postster- 
notomy versus postprotamine comparison. The 
standard deviations overlap considerably, largely re- 
flecting ACT variation between patients. Figure 1 
shows a frequency distribution of the change in ACT 
from the preinduction value for the two study groups 
combined, displaying similar patterns toward ACT 
reduction that are slightly more pronounced at the 
sternotomy and protamine measurements than at the 
postinduction ones. Figure 2 depicts the frequency 
and size of ACT reductions between the preinduction 
and poststernotomy sampling times with consider- 
ation of the expected variability of the test (9). Com- 
bining the two groups, ACT decreased in 84% of 
patients in the interval between those two blood 
samples. Assuming a coefficient of variation of 4% for 
ACT under control conditions (9}, 75% of patients 
experienced ACT reduction =1 standard deviation 
(sb) of the preinduction value, and 47% showed 
reductions =2 sp. Thus, the statistical significance of 
the paired ACT comparisons within each group re- 
sults from the consistent direction of change within 
individual patients, rather than from diminution of 
the group mean ACT values. 


Discussion 


The level of baseline ACT usually decreases over the 
period spanning anesthetic induction and surgical 
incision. Is this information clinically helpful? Table 2 
shows ACTs from three patients, with patient A 
representing the most common pattern, which is 
consistent with previous reports comparing only pre- 
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Figure 1. Frequency distribution of the change in ACT from 
preinduction to the other three measurement times. A negative 
value represents an ACT decrease from preinduction to the other 
measurement period shown on the graph. 
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Figure 2. Percent of patients whose ACT decreased from the 
preinduction value to the sternotomy value. 


induction and postprotamine ACTs (9,11). Patient B 
shows marked ACT reduction over the prebypass 
period and an initial postprotamine ACT approximat- 
ing the preinduction value. An additional 50-mg 
increment of protamine then brought the ACT much 
closer to the poststernotomy value. Without the ster- 
notomy ACT, one might have assumed that the initial 
postprotamine ACT of 137 s represented complete 
heparin neutralization. An additional 50 mg of prot- 
amine improved hemostasis and reduced the ACT to 
86 s. Patient C shows the least common pattern. An 
additional 50-mg protamine dose was administered 
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Table 2. Activated Coagulation Times in Three Patients 


Time of determination Patient A Patient B Patient C 
Preinduction 149 144 147 
Postinduction 128 107 142 
Sternotomy 122 79 123 
Protamine 1° 127 137 151 
Protamine 2” 86 161 


Activated coagulation time given in seconds. 
“Activated coagulation times after first dose of protamine. 
"Activated coagulation times after an additional 50 mg of protamine. 


after obtaining the postprotamine ACT of 151 s, 
assuming that this value represented incomplete he- 
parin neutralization. Rather than reducing the ACT 
toward 123 s (poststernotomy baseline), supplemen- 
tal protamine increased ACT to 161 s. This suggests 
that heparin was already either fully neutralized or 
overneutralized, because excessive protamine in- 
creases ACT (15,16). Alternatively, reductions in 
plasma coagulation factors or platelet function could 
have increased ACT independent of heparin or pro- 
tamine effects. If hemostasis had been inadequate in 
patient C, the comparison of sternotomy and post- 
protamine ACTs would have suggested the need for 
clotting factors, platelets, or possibly desmopressin. 
Diagnostic efforts could have then progressed toward 
a coagulation profile or thromboelastography. 

Activated coagulation time functions well as a 
monitor of CPB anticoagulation because it is relatively 
insensitive to heparin. At the level of anticoagulation 
needed for cardiac surgery, laboratory tests more 
sensitive to heparin (e.g., thrombin time, activated 
partial thromboplastin time) become markedly pro- 
longed or unclottable (17). Although relative insensi- 
tivity to heparin favors the ACT for monitoring 
anticoagulation during CPB, it diminishes its ability 
to diagnose incomplete heparin neutralization after 
CPB adequately (6,18,19). Clinically significant con- 
centrations of unneutralized heparin may exist even 
if ACT returns to baseline after protamine. Because 
anesthesia and surgery decrease ACT, obtaining the 
baseline value before surgical incision might provide 
false reassurance later about the adequacy of heparin 
neutralization. Because excessive protamine can in- 
crease both ACT and postoperative bleeding 
(15,20,21), it appears desirable to establish baseline 
ACT as accurately as possible. Consequently, to 
maximize the post-CPB diagnostic utility of a rela- 
tively imprecise test (9) that lacks sensitivity to low 
concentrations of heparin (6,18,19), pre-CPB baseline 
ACT is best obtained after surgical incision. 

Some imprecision exists in the protamine dosing 
methods used in both groups, and this may contrib- 
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ute to postprotamine ACT variability. Clinically sig- 
nificant protamine dosing errors would tend to ele- 
vate the ACT regardless of whether too much or too 
little protamine were given (15). This might account 
for some of the preinduction to postprotamine ACT 
increases shown in Figure 1. However, the similarity 
of the overall frequency distributions shown in Figure 
1 and the similar postprotamine ACT values in 
groups 1 and 2 (using different methods for prota- 
mine dose determination) suggest that inappropriate 
protamine dosing did not bias the postprotamine 
ACT values. 

Six previous reports provide both prebypass and 
postprotamine ACT values (5,6,9-11,22). Only two of 
these clearly obtained the prebypass ACT before 
inducing anesthesia, and both found postprotamine 
ACT values significantly below preinduction ones 
(9,11). Jobes et al. (10) presented some similar find- 
ings, but the difference was smaller and less consis- 
tent. Kamath and Fozard showed nearly equal ACTs 
before CPB and after protamine (5); other investiga- 
tors found postprotamine ACTs higher than pre-CPB 
values (6,22). Some of these differences might be 
explained by different baseline ACT sampling times, 
most of which were unspecified (5,6,10,22). In the 
two studies showing higher ACTs after protamine 
than before CPB (6,22), either insufficient or excessive 
protamine would provide possible explanations 
(15,16). 

The mechanism for ACT reduction over the pre- 
CPB period cannot be elucidated from the present 
study, but a thromboplastic response to surgical 
incision seems likely. Other studies have shown 
biochemical evidence of plasma coagulation activa- 
tion during surgery (21,23,24), but did not compare 
preoperative and intraoperative (before heparin) clot- 
ting times. Tuman et al. showed thromboelasto- 
graphic evidence of a hypercoagulable state during 
surgery (25). Bode and Eick demonstrated in vitro 
that lysed platelets reduced the ACT toward normal 
after fresh blood was anticoagulated with heparin, 
possibly owing to platelet factor IV release or a 
procoagulant effect of platelet membranes (26). We 
speculate that other clotting times such as the acti- 
vated partial thromboplastin time, prothrombin time, 
and template (Ivy) bleeding time might also decrease 
after surgical incision. The ACT decrease after anes- 
thetic induction is more difficult to explain. Preinduc- 
tion ACT was taken immediately after inserting the 
radial artery catheter, after which either a pulmonary 
artery catheter (group 1) or a triple-lumen central 
venous catheter (group 2) was inserted. Perhaps the 
presence of indwelling catheters stimulates intravas- 
cular coagulation. Intravenous anesthetics or the 
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stress response to laryngoscopy and intubation might 
also play a role. 

In summary, anesthesia and surgery decrease 
ACT, thus resetting the baseline value. The postster- 
notomy ACT closely approximates postprotamine 
ACT. It seems likely that this would also occur after 
surgical incision and before sternotomy. Therefore, to 
simplify baseline ACT sampling, we recommend de- 
termining baseline ACT in cardiac surgical patients at 
some point between surgical incision and heparin 
administration. 
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Clinical Reports 


Treatment of Refractory Seizures in Massive Isoniazid Overdose 
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Acute massive isoniazid overdose is relatively un- 
common but potentially life-threatening (1). In the 
setting of accidental or intentional overdose, seizures 
are a frequent manifestation of isoniazid neurotoxic- 
ity (2). The consulting anesthesiologist may become 
involved when seizures prove refractory to the ad- 
ministration of standard anticonvulsants and pyri- 
doxine, the conventional isoniazid antidote (3). In 
this report, we describe the management of such a 
case of isoniazid-induced seizures; we also discuss 
the specificity and efficacy of thiopental as a treat- 
ment for refractory isoniazid-induced seizures in a 
patient with arterial hypotension. 


Case Report 


A 25-yr-old man presented to the emergency room at 
the University of Missouri Hospital about 1.75 h after 
ingesting approximately 18 g of isoniazid in a suicide 
attempt. 

He was awake and talking upon arrival, but mo- 
ments later he abruptly began having generalized 
convulsions. Face-mask ventilation with 100% O, 
was begun, and an intravenous catheter was in- 
serted. Physical examination was remarkable for on- 
going generalized convulsions in an apparently oth- 
erwise healthy young, approximately 70-kg man. He 
had tachycardia with a stable blood pressure within 
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the normal range. No respiratory effort was apparent 
(Table 1). 

Diazepam and pyridoxine were administered in- 
travenously in sequential injections. Each bolus re- 
sulted in a brief interruption of the seizures, which 
would then recur. The entire available pharmacy 
supply of pyridoxine (12 g) was administered in this 
manner. One gram of phenobarbital was also given 
intravenously without effect. 

After approximately 25 min of unsuccessful anti- 
convulsant therapy, an anesthes:ologist was con- 
sulted. Physical examination at that time revealed a 
diaphoretic, unconscious, convulsing man with a 
stable blood pressure but increasing tachycardia. Ini- 
tial measurements of arterial blood gas tensions 
showed a profound combined metabolic and respira- 
tory acidosis. The electrocardiogram showed marked 
sinus tachycardia with an intraventricular conduction 
delay. 

Meanwhile, the trachea was orally intubated and a 
nasogastric tube was passed for gastric lavage. To 
correct his metabolic acidosis, sodium bicarbonate 
was administered intravenously. To correct the res- 
piratory component, the patient was mechanically 
hyperventilated after an intravenous bolus of pancu- 
ronium bromide. The electroencephalogram (EEG) 
was monitored using a two-channel, compressed 
spectral array tracing, which revealed slowing of 
electrical activity over both cerebral hemispheres (Fig- 
ure 1), consistent with ongoing seizures. 

As a 2.5% thiopental infusion was being prepared, 
the patient rapidly developed hypotension and pro- 
found tachycardia. A radial artery catheter was in- 
serted and the hypotension corrected with an intra- 
venous bolus of normal saline and an infusion of 
phenylephrine. An infusion of 3 ug-kg~*-min™' of 
dopamine was also begun. Meanwhile, thiopental 
was given initially in 12.5-mg IV boluses, then as a 
continuous infusion at an approximate rate of 2.5 
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Table 1. Chronology of Therapeutic Intervention From Onset of Isoniazid-Induced Seizures to Recovery 





Approximate 
time after Blood 
ingestion pressure Pulse 
(hours:min) Event (mm Hg) (beats/min) pH 
1:45 Patient arrived in — -= — 
emergency room 
1:50 Onset of 140/88 122 6.95 
convulsions 
2:15 Anesthesiologist 131/80 142 6.65 
consulted 
2:30 Patient developed 65/35 158 7:12 
hypotension 
2:40 Begin thiopental 98/42 132 — 
infusion 
2:55 Convulsions 118/53 112 7.44 
stopped, 
hemodynamics 
stabilized 
14:00 Dialysis completed 135/70 87 7.37 
24:00 Patient awake, 132/64 77 7.45 


alert, appropriate 


mg'kg`t-min™t. Faint generalized muscle twitching 
was seen as the infusion was begun, confirming the 
presence of ongoing seizures seen on the EEG. 

After a total thiopental dose of approximately 
3.5 g, the physical examination and EEG (Figure 2) 
demonstrated that seizure activity had abated and the 
infusion of thiopental was stopped. The vital signs 
stabilized and the phenylephrine infusion was also 
tapered off. Emergency hemodialysis was then initi- 
ated. The dopamine infusion was discontinued upon 
completion of hemodialysis. 

His subsequent recovery was prompt and un- 
eventful, Levels of serum electrolytes and arterial 
blood gas tensions after hemodialysis were in the 
normal range. His serum creatinine level was normal 
throughout his hospital stay, and levels of liver 
function tests remained normal except for a mild, 
transient elevation of the alkaline phosphatase and 
serum aspartate aminotransferase. Within 36 h of 
admission the patient was awake, extubated, conver- 
sant and suffering only from short-term memory loss. 
He was subsequently referred to a mental health 
center for treatment of depression. 


Arterial blood gas values 


Pco, Po, 


(mm Hg} (mm Hg) Therapy 


— powered since, 


32 123 Initiate anticonvulsant therapy: IV 
valium (40 mg); IV phenobarbital! 

(1 g); IV pyridoxine (12 g). Face-mask 
ventilation; increase Fio, to 1.0. 

IV bicarbonate (88 mEq); IV 
pancuronium (10 mg). EEG 
monitoring; tracheal intubation; 
mechanical hyperventilation; decrease 
Fro, to 0.50. 

Resuscitation with IV normal saline 
bolus; IV phenylephrine (2.5 
ug-kg~'-min—'); IV bicarbonate (88 
mEq). Begin IV dopamine infusion (3 
ug-kg~!-min~'); radial artery catheter 
placed; decrease Fio, to 0.40. 

Infuse a total dose of 3.5 g. 


97.8 443 


45.8 489 


Taper off phenylephrine; taper off 
thiopental; continue dopamine; 
central venous catheter placed for 
hemodialysis. 

Observe in intensive care unit; initiate 
ventilatory weaning; stop dopamine 
infusion. 

Extubate patient; plan for discharge 
from hospital within 48 h. 


42.1 243 


35.7 167.9 


Discussion 


Isoniazid-induced seizures are believed to result from 
the impaired production of the inhibitory neurotrans- 
mitter, y-amino butyric acid (GABA) (2,4). Isoniazid 
interrupts GABA production by inhibiting the active 
form of pyridoxine, a necessary cofactor in the enzy- 
matic pathway for GABA synthesis (5). The result is 
lowered levels of GABA in the brain with subsequent 
heightened central nervous system (CNS) excitability 
and seizures (6). 

Pyridoxine replacement replenishes GABA levels 
and restores the balance of excitatory and inhibitory 
neurotransmitters in the CNS. As such, pyridoxine is 
central to the treatment of isoniazid-induced sei- 
zures. A gram-for-gram replacement, if available, 
based upon the estimated isoniazid dose is recom- 
mended (3). As much as 52 g has been given to an 
adult without apparent ill effects. The maximum safe 
dose of pyridoxine in humans is unknown, but in 
dogs a dose of 1 g/kg proved fatal in several cases (7). 

The efficacy of pyridoxine and anticonvulsants is 
improved by the addition of alkali to correct meta- 
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Figure 1. Compressed spectral array tracing showing low- 
frequency, high-voltage seizure activity. 


bolic acidosis (8,9), which may be profound (10,11), 
as in the present case. Caution must be used, how- 
ever; because lactate accumulation from seizure activ- 
ity is the primary cause of acidosis (12), the cessation 
of seizures results in spontaneous resolution of aci- 
dosis, and bicarbonate administration may cause po- 
tentially harmful overcorrection (13). 

Hemoperfusion (14) or hemodialysis (15) may be 
helpful to remove the systemic isoniazid and improve 
acid/base status if forced diuresis proves inadequate. 
The physical properties of isoniazid—a small, water- 
soluble molecule that is poorly protein-bound and 
that has a small volume of distribution—suggest that 
it would be efficiently removed from the circulation 
by dialysis. Anecdotal reports seem to support this 
conclusion (14). In contrast, the physical properties of 
thiopental—a large, lipid-soluble molecule that is 
extensively protein-bound and that has a large vol- 
ume of distribution—make it unlikely to be efficiently 
removed by dialysis. We predict, therefore, that 
thiopental is protective against recurrent seizures in a 
patient who is receiving a dialytic procedure as ther- 
apy for isoniazid overdosage. 

The transient elevation of plasma levels of hepatic 
enzymes as seen in this patient is known to occur 
after massive isoniazid overdose (16,17), and is ap- 
parently without sequelae. 

Compressed spectral array monitoring proved 
very useful in the present case. Although it is not 
intended as a diagnostic device, the compressed 
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Figure 2. Compressed spectral array tracing showing barbiturate- 
induced slowing and resolution of seizures. 


spectral array monitor does provide baseline EEG 
data consistent with a known clinical situation, and it 
is a means for monitoring change. In our case, the 
monitor was easily transported and quickly applied 
to the patient. It provided a baseline tracing in a 
paralyzed patient who was known to have ongoing 
grand mal seizures (Figure 1), and it provided a 
clinical endpoint consistent with successful barbitu- 
rate therapy (Figure 2). 

The anticonvulsant mechanism of thiopental is 
incompletely understood. Barbiturates in general 
have a complex action in the CNS and almost cer- 
tainly have multiple sites of action. The anticonvul- 
sant and sedating properties of barbiturates (and also 
of benzodiazepines) probably arise at least in part 
from their activity at the postsynaptic GABA recep- 
tor-ionophore complex (18). yAmino butyric acid 
acts at this receptor site to enhance membrane per- 
meability to chloride ions, thus hyperpolarizing the 
membrane. Recent evidence suggests that other neu- 
rotransmitters may also act on this same ionophore 
complex in opposition to GABA (19). The barbiturates 
bind to an adjacent allosteric site (20) and prolong the 
GABA-induced membrane permeability to chloride 
(21,22). In addition, the barbiturates may act through 
an independent mechanism to inhibit the release of 
excitatory neurotransmitters (23,24). The sum of 
these effects is CNS depression by a mechanism that 
is directly opposed to the GABA-inhibitory effects of 
isoniazid. 
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Although any ultra-short-acting barbiturate pre- 
sumably can be considered a specific GABA agonist, 
thiopental is the most extensively studied in this 
regard. Methohexital, although less of a cardiovascu- 
lar depressant, has been implicated as a cause of 
psychomotor seizures in children (25). We chose 
thiopental because of our familiarity with the drug. 
The volatile anesthetics, although probably effective, 
are not specific for GABA and are limited for practical 
reasons in duration of use and portability. A typical 
dosage of diazepam was also ineffective in terminat- 
ing the seizures in our patient. Benzodiazepines in 
general are less easily titrated and slower in onset 
than the ultra-short-acting barbiturates. 

If a patient has intractable seizures, or if there is a 
limited pyridoxine supply, our experience in this case 
is that a thiopental infusion, if used cautiously, can be 
a safe and efficacious adjunct to the standard anticon- 
vulsant therapy associated with isoniazid overdos- 
age—even in the presence of arterial hypotension. 
Promptness of therapy is essential to assure optimal 
neurologic outcome, and in our patient seizure activ- 
ity was terminated within 15 min of initiating the 
thiopental infusion. No adverse side effects occurred. 
We conclude that thiopental is an appropriate and 
readily available drug for the prompt treatment of 
isoniazid-induced seizures that prove refractory to 
the available conventional modalities of treatment. 
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Anesthetic Management of Cerebral Aneurysm Resection in a 
Patient With Idiopathic Hypertrophic Subaortic Stenosis 


Jay D. Freilich, DDS, MD, and Benjamin R. Jacobs, MD 


Key Words: HEART, IDIOPATHIC HYPERTROPHIC 
SUBAORTIC STENOSIS. ANESTHESIA, 
NEUROSURGICAL—cerebral aneurysm. 


Idiopathic hypertrophic subaortic stenosis ([HSS), 
also known as hypertrophic and obstructive cardio- 
myopathy, is characterized by asymmetric hypertro- 
phy of the interventricular septum, causing intermit- 
tent obstruction of the left ventricular outflow tract. 
Patients may be asymptomatic or may present with 
angina, congestive heart failure, arrhythmias, or sud- 
den death. Outflow tract obstruction is worsened by 
decreases in either preload or afterload or by in- 
creases in cardiac contractility. Anesthetic manage- 
ment of IHSS is therefore based on agents and 
techniques that limit these changes in cardiovascular 
function. 

The anesthetic management of cerebral aneurysm 
resection involves volume restriction and diuresis to 
decrease intracranial pressure and to improve surgi- 
cal exposure. Induced hypotension is often required 
to reduce the risk of rupture during aneurysm resec- 
tion. Thus, the management of IHSS and cerebral 
aneurysm resection presents conflicting therapeutic 
objectives. 

We describe our management of a patient with 
documented symptomatic IHSS who presented for 
cerebral aneurysm clipping after an acute subarach- 
noid hemorrhage. 


Report of a Case 


A 75-yr-old woman presented with a severe headache 
and confusion. Cerebral angiography revealed a sub- 
arachnoid hemorrhage. A neuroradiologic examina- 
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tion by computed axial tomography showed an an- 
eurysm of the anterior communicating artery. Her 
past medical history was significant for IHSS diag- 
nosed 1 yr earlier, during an episode of severe chest 
pain. Cardiac evaluation at that time was negative for 
a myocardial infarction. Left ventricular ejection frac- 
tion was 89% by radionuclide ventriculography. 
Echocardiography was nondiagnostic for IHSS; how- 
ever, cardiac catheterization documented a left ven- 
tricle to aorta gradient of 0 mm Hg at rest and 35 mm 
Hg after amyl nitrate. This gradient established the 
diagnosis of IHSS. Coronary artery anatomy was 
normal. She was subsequently medicated with vera- 
pamil (40 mg tid). 

The patient had no cardiac symptoms at the time 
of admission. Her height and weight were 4 ft 10 in 
and 46 kg. Admission blood pressure was 130/92 mm 
Hg with a heart rate of 66 beats/min. There were no 
murmurs, gallops, or abnormal pulmonary sounds 
heard on chest auscultation. Therapy with nimo- 
dipine (60 mg every 4 h), phenytoin (100 mg tid), 
decadron (10 mg gid), and ranitidine (50 mg tid) was 
begun by the neurosurgical service. Preoperative 
blood counts and serum electrolyte levels were 
within normal limits. An electrocardiogram showed 
sinus bradycardia without other abnormality. The 
patient received verapamil, nimodipine, phenytoin, 
decadron, and ranitidine, and was then transported 
to the operating room. An intraarterial catheter was 
inserted in the left radial artery and a pulmonary 
artery catheter in the right subclavian vein. 

Preinduction vital signs included blood pressure, 
160/100 mm Hg; heart rate, 68 beats/min; pulmonary 
artery pressures, 28/15 mm Hg; and cardiac output, 
3.3 L/min. Anesthesia was induced with 350 mg 
thiopental, 500 ug fentanyl, and 5 mg pancuronium 
intravenously, and ventilation was controlled before 
uneventful tracheal intubation. Induction was well 
tolerated hemodynamically. Five boluses of phenyl- 
ephrine, 100 ug intravenously each, were adminis- 
tered over the next 30 min for mild hypotension 
(systolic blood pressure, 90-100 mm Hg) during 
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placement of a lumbar cerebrospinal fluid (CSF) 
drain. Anesthesia was maintained with air/oxygen 
and 0.5%-1.0% isoflurane. Mannitol (1 g/kg IV) was 
given at the time of skin incision with no subsequent 
hemodynamic changes. An esmolol intravenous 
bolus (0.5 mg/kg) and intravenous infusion (0.05 
mg-kg~'-min™') were also started. Before aneurysm 
resection, hypotension was induced to a mean arte- 
rial pressure of 70 mm Hg for 60 min. This was 
accomplished by giving an additional esmolol intra- 
venous bolus (0.25 mg/kg) and increasing the intra- 
venous infusion (0.06-0.10 mg-kg~'-min™'). The in- 
spired isoflurane concentration was also increased to 
2.0%. Pulmonary artery systolic and diastolic pres- 
sures ranged from 28 to 32 mm Hg and from 14 to 20 
mm Hg, respectively with cardiac outputs of 2.5-3.0 
L/min. The aneurysm was successfully clipped. There 
were no electrocardiographic changes and no heart 
murmurs noted throughout the operation. 

The trachea was extubated upon emergence from 
anesthesia before the patient left the operating room. 
Vital signs remained stable in the postoperative pe- 
riod, and no neurologic deficits were noted. Serial 
postoperative electrocardiogram showed no new 
changes; plasma concentrations of cardiac isoen- 
zymes were within normal limits. 


Discussion 


Anesthetic management of noncardiac surgery in 
patients with IHSS has been described for obstetrics, 
general surgery, and orthopedics (2-7). It has not 
been reported for cerebral aneurysmectomy to our 
knowledge. 

General principles of management of IHSS include 
maintenance of adequate preload and afterload, and 
avoidance of tachycardia and increased contractility. 
Mainstays of therapy include -blockers and calcium 
channel blockers. These classes of drugs have both 
negative inotropic and chronotropic effects to de- 
crease outflow tract obstruction. They may also im- 
prove diastolic filling of the ventricle. Transesoph- 
ageal echocardiography is very useful as a guide to 
therapy in the patient with IHSS. Positioning and 
manipulation of the echo probe, however, may be 
difficult in the neurosurgical patient in whom there is 
limited access to the head and neck area. At the time 
of surgery, a transesophageal echocardiography ma- 
chine was unavailable for our use. 

several conflicting issues of operative manage- 
ment had to be resolved in this case. These included 
choice of anesthetic agent, management of volume 
status, and management of induced hypotension. 
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Halothane and enflurane, with their negative ino- 
tropic and chronotropic characteristics, are com- 
monly recommended for anesthetic maintenance in 
IHSS. Although isoflurane decreases systemic vascu- 
lar resistance and may cause reflex tachycardia, it 
appears in many studies (8,9) to have more favorable 
attributes than either halothane or enflurane with 
regard to intracranial pressure. Isoflurane decreases 
the cerebral metabolic rate for oxygen and causes the 
least increase in cerebral blood flow when compared 
with halothane and enflurane (especially with simul- 
taneous hyperventilation). In addition, isoflurane 
does not significantly affect CSF production or reab- 
sorption. Enflurane may provoke seizure activity 
when combined with hyperventilation, and in addi- 
tion may increase CSF production and decrease CSF 
reabsorption (10-12). We therefore elected to use 
isoflurane. Because of the duration of the operative 
procedure and the use of fentanyl during induction, 
pancuronium was used rather than vecuronium. It 
was injected slowly during the induction of anesthe- 
sia to minimize its vagolytic effect on the cardiac 
conduction system. Esmolol infusion was utilized to 
prevent the tachycardia commonly associated with 
isoflurane. 

Normovolemia to mild hypovolemia is usually 
maintained in our patients with elevated intracranial 
pressure. Furthermore, osmotic diuresis with manni- 
tol is employed to decrease brain size. Hypovolemia, 
which causes reduction of left ventricular preload, 
can aggravate outflow tract obstruction in IHSS. By 
monitoring pulmonary artery pressures and cardiac 
output, and with the utilization of B blockade to 
control heart rate, we were able to accomplish both 
fluid restriction and osmotic diuresis without hemo- 
dynamic sequelae. 

A moderate level of induced hypotension was 
induced at the time of aneurysm clipping. Commonly 
used drugs, such as nitroprusside or nitroglycerin, 
which increase venous capacitance and decrease sys- 
temic vascular resistance, are relatively contraindi- 
cated in IHSS. We accomplished adequate hypoten- 
sion by increasing the esmolol infusion with 
concomitant increase of the concentration of isoflu- 
rane. No adverse effects were noted and the surgeon 
was quite satisfied with the operative field. 

In summary, we present our anesthetic manage- 
ment of cerebral aneurysm resection in a patient with 
IHSS. Invasive monitoring allowed utilization of tech- 
niques (e.g., osmotic diuresis and induced hypoten-~ 
sion) that facilitated the surgery, but that otherwise 
are contraindicated in this disease. Short-acting $- 
blockade with esmolol proved very beneficial in both 
accomplishing these goals and possibly preventing 
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Hearing Loss After 
opinal Anesthesia 


Key Words: ANESTHETIC TECHNIQUES, 
SPINAL—hearing. EAR, HEARING—Sspinal anesthesia. 


To the Editor: 


I read with interest the article by Fog et al. (1) on hearing 
loss after spinal anesthesia. In their discussion section, the 
authors state that the etiology of vestibulocochlear distur- 
bances after spinal anesthesia is not clear, but that it is 
possible that the decrease in cerebrospinal fluid pressure 
that follows dural puncture may be transmitted through the 
cochlear aqueduct to the inner ear, resulting in an endolym- 
phatic hydrops. It is difficult to understand how the de- 
crease in cerebrospinal fluid pressure causes an endolym- 
phatic hydrops. There is an anatomic communication 
between cochlea and subarachnoid space through the co- 
chlear canal, and the perilymph that occupies the perilym- 
phatic space in the cochlea resembles cerebrospinal fluid 
closely in its composition. Hughson (2) demonstrated that a 
decrease in cerebrospinal fluid pressure is associated with a 
decrease in intralabyrinthine pressure followed by a func- 
tional inability of an ear to transmit the sound. Hence, a 
decrease in intralabyrinthine pressure is most likely the 
cause of the hearing loss after spinal anesthesia. 


Chong M. Lee, MD 

Department of Anesthesiology 

St. Elizabeth Hospital Medical Center 
1044 Belmont Avenue 

Youngstown, OH 44504 
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In Response: 


We are greatly indebted to Dr. Lee for his kind interest. It 
is well known that the perilymph in the inner ear commu- 
nicates freely with the cerebrospinal fluid, and it has been 
demonstrated that changes in cerebrospinal fluid pressure 
may cause similar changes in perilymphatic pressure (1). 
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The endolymph, on the other hand, is contained in a much 
more closed compartment and communicates with the 
endolymphatic sac through the endolymphatic duct. 

A decrease in cerebrospinal fluid volume may reduce the 
perilymphatic pressure, and, as the endolymphatic pres- 
sure equilibrates slowly compared to the perilymphatic 
pressure, an endolymphatic hydrops may result. 

Thus we agree with Dr. Lee that the decrease in intra- 
labyrinthine pressure most likely causes the transient hear- 
ing loss that may follow spinal anaesthesia. 


Albert Sundberg, MD, PhD 
Lars Peter Wang, MD 
Department of Anesthesia 
Eksj6-Nassj6 Hospital 

S-575 28 Eksjö, Sweden 
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Bupivacaine-Induced Cardiac Arrest 


Key Words: ANESTHETIC TECHNIQUES, 
REGIONAL—brachial plexus block. ANESTHETICS, 
LOCAL—bupivacaine. 


To the Editor: 


The views expressed in Dr. Boba’s letter (1) commenting on 
a case report by Long et al. of severe cardiac arrest and 
arrhythmia after a probable inadvertent intravascular injec- 
tion during an axillary nerve block (2) deserve comment. 
There is no doubt in our minds that a brachial plexus block, 
either by supraclavicular or axillary approach, is indicated 
in emergencies like the one described (3,4), but we question 
why, in the case report that Dr. Boba is commenting upon, 
instead of using a continuous technique (5-7), the axillary 
block was done with a single injection of lidocaine, a 
medium-lasting local anesthetic, for a surgical procedure 
that on the optimistic side would take at least several hours 
to complete. 

We also question whether Dr. Boba’s argument that the 
patient would not be comfortable because of the long 


562 ANESTH ANALG 
1990;71:561-9 


duration of the surgery can be accepted nowadays. An 
effective block, with a pain-free patient, makes it simple to 
use sedation. The intravenous injection of small amounts of 
midazolam (1-2 mg) or flunitrazepam (200-300 yg) rein- 
forced, if needed, with fentanyl for analgesia (25-50 ug) is 
enough to produce a tranquil, quiet subject who will 
remember very little if anything about his or her operation 
(8). 

The Sellick maneuver cannot guarantee a safe intubation 
in a patient with a full stomach. Regional anesthesia is 
safer. Besides, with a catheter in place, the analgesia and 
sympathetic block can be extended for days. This also 
would provide better vascular perfusion of the arm and so 
improve the chances of success for any grafts done in the 
hand or fingers. Postoperative pain can also be controlled 
without any systemic hypnoanalgesics, avoiding in this 
manner their side effects. 

We would have managed the anesthesia for a case like 
this basically in the same way that Long et al. did, with the 
difference that our axillary block would have been a con- 
tinuous one and that the patient would have been sedated 
with midazolam. Sleep and amnesia would have been 
present, and stress would have been avoided. We do not 
believe that the reported complication would have occurred 
if the procedure had been carried out in such a way. 

On the other hand, Long and colleagues are to be 
commended for saving the patient by using the extraordi- 
nary recourse of extracorporeal circulation when all the 
other means failed. As far as we know, this is the first time 
in the history of anesthesia that this method has been used 
to treat apparently irreversible cardiac arrest and fibrilla- 
tion. 


Armando Fortuna, MD 

Anibal de Oliveira Fortuna, MD 
Department of Anesthesia 

Hospital Santo Anténio 

Santos, SP 

Brazil, CEP 11100 
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More on Back Pain After 
Nesacaine-MPF 


Key Words: ANESTHETICS, tocat— 
2-chloroprocaine. ANESTHETIC TECHNIQUES, 
EPIDURAL—2-chloroprocaine. 


To the Editor: 


We recently encountered a patient who developed painful 
muscular spasms after epidurally administered 2-chloro- 
procaine, an event that may serve to shed additional light 
on this interesting phenomenon as reported by Fibuch and 
Opper (1) and subsequent letters to the editor (2-4). 

A 21-yr-old gravida two, para one white woman at term 
needed placement of an epidural catheter for management 
of pain during labor. Her pregnancy had been complicated 
only by severe nausea and vomiting during the first trimes- 
ter. She had no significant medical history, took no pre- 
scription medications, and had had a prior epidural for 
labor without complication. 

After subcutaneous infiltration with plain 1% lidocaine, 
an epidural catheter was easily placed at the fourth lumbar 
interspace and threaded 3 cm into the epidural space. The 
patient received a total of 8 mL of 0.25% bupivicaine 
(Sensorcaine) and 50 mg of fentanyl through the epidural 
catheter before an uncomplicated vaginal delivery. After 
delivery, the epidural catheter was left taped securely in 
position for use the following day when she was to return 
for an elective bilateral tubal ligation. 

The next day the patient was brought to the operating 
room at 1 pm with her catheter taped securely in place. 
After a negative aspiration, a test dose of 5 mL of 2% 
2-chloroprocaine (Nesacaine-MPF, Astra) was administered 
without evidence of subarachnoid or intravascular injec- 
tion. Additional incremental doses up to a total of 35 mL of 
2% 2-chloroprocaine was given to achieve a sensory level of 
anesthesia at the fifth thoracic dermatome. The tubal liga- 
tion was performed without complication and without the 
administration of any additional medications. At the con- 
clusion of the procedure, the epidural catheter was re- 
moved intact. 

At 2:10 pm the patient arrived in the recovery room with 
stable vital signs. Full return of motor function was docu- 
mented at 2:45. At 3 PM, the patient first began to complain 
of pain upon motion of her legs. By 3:15, the pain had 
progressed to a constant cramping of the lower back 
bilaterally, with extension to both upper thighs. She was 
unable to assume any position that afforded relief and her 
obstetrician ordered that two Percocet tablets be given. At 
3:40, one of us (T.M.M.) was called to see the patient, who 
was by this time in excruciating pain. Thorough sensory 
and motor 2xaminations to rule out residual epidural block- 
ade or epidural hematoma gave normal results. Because the 
patient’s intravenous catheter had been removed by this 
time, 25 mg of meperidine was given intramuscularly and 5 
mg of diazepam was given orally for analgesia and anxiol- 
ysis. A heating pad was also provided. By 4:15 pm the 
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patient was able to lie still in bed, but she continued to 
complain of discomfort until about 8 pm, after which she 
was able to sleep through the night without recurrence. 

Our case is an interesting addition to the report of 
Fibuch and Opper (in nonobstetrical patients) for several 
reasons. First, as acknowledged in their discussion, it was 
unclear whether the muscular spasms they noted were due 
to subcutaneous or intramuscular injection of local anes- 
thetic solutions during infiltration, insertion of the epidural 
needle, and placement of the catheter. This could not have 
been the case in our patient because during placement of 
the epidural the day before, for relief of pain during vaginal 
delivery, a different local anesthetic solution (1% lidocaine) 
was used for identification of the epidural space. It is 
conceivable, although unlikely, that the 2-chloroprocaine 
local anesthetic solution may nave leaked from the catheter 
as it was being removed a dav later, after the tubal ligation 
had been performed. Perhaps more plausible would be the 
possibility that leakage from the epidural space into the 
paralumbar muscles occurred after catheter removal via a 
tract that may have formed while the catheter was in place. 
In any case, the time-course of the patient’s complaints 
make it unlikely that her symptoms were due to effects of 
the 2-chloroprocaine itself; instead, the role of an additive 
such as the disodium ethylenediaminetetraacetic acid pos- 
tulated by Fibuch and Opper appears more logical (1). 

Fibuch and Opper failed to find back pain associated 
with epidural use of 2-chloroprocaine in obstetrical pa- 
tients, suggesting that the more aggressive use of analge- 
sics perioperatively in this group may have masked the 
effect. Schwalbe and Schiffmiller suggested this difference 
may also relate to physiologic differences between the 
pregnant and nonpregnant state (3). Our case documents 
this outcome in an obstetrical patient, and the persistence 
of her discomfort despite early narcotic therapy suggests 
that 2-chloroprocaine-induced muscular spasm can occur 
and persist in the presence of such therapy. 

In summary, we confirm the observations of Fibuch and 
Opper and extend the description of muscular spasm after 
epidurally administered 2-chloroprocaine (Nesacaine-MPF) 
to an obstetrical patient who did not inadvertently receive 
intramuscular or subcutaneous local anesthetic solution. 


Thomas M. McLoughlin, MD 

Cosmo A. DiFazio, MD, PhD 
Department of Anesthesiology 

University of Virginia Health Sciences Center 
Charlottesville, VA 22908 
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Missed Diagnosis of Cuff 
Herniation in a Modern Nasal 
Endotracheal Tube 


Key Words: EQUIPMENT, currs—endotracheal. 


To the Editor: 


There is an expectation that modern low-pressure high- 
volume endotracheal cuffs will not herniate and occlude 
inspiratory gas flow. This letter describes a 47-yr-old 
woman with extensive facial lacerations in whom this event 
was missed. She was scheduled for emergency plastic 
surgery. After a rapid sequence induction, a preformed 
6.5-mm internal diameter Mallinckrodt nasal endotracheal 
tube (ETT) was passed with ease. The cuff was inflated with 
6 mL room air. Its correct position was confirmed by 
auscultation. A throat pack was used to prevent soiling of 
the airway, and the tube was secured with adhesive tape. 
The patient was paralyzed and mechanically ventilated 
during the procedure. Monitoring included electrocardio- 
gram, blood pressure, end-tidal carbon dioxide (ETco,), 
and oxygen saturation (Sao). 

During surgery, peak airway pressure increased from 20 
to 60 cm of water and ETco, from 4.5 kPa (34 torr) to 6.5 kPa 
(49 torr); Sao, remained at 99%. Surgery was stopped. 
Manual ventilation was initiated. It became increasingly 
difficult, and widespread wheezes were heard throughout 
both lung fields. The throat pack was removed and the ETT 
inspected. It was not kinked and was correctly positioned. 
A drug reaction was considerec. because the patient had 
just received an injection of atracurium. Intravenous ami- 
nophylline did not reduce the airway pressure. During 
manual ventilation, a loud “pop” was heard, after which 
ventilation became easy. We changed the ETT and found a 
large hole in the cuff of the original tube (Figure 1). After 
this, surgery continued to a satisfactory conclusion. 

It seems clear that the cause of our problem was me- 
chanical in nature; a herniated cuff that partly occluded the 
distal end of the ETT was the probable cause. This obstruc- 
tion cleared when the cuff burst. Our initial impression that 
there was bronchospasm was probably due to the turbulent 
airflow transmitted from the trachea. It is well recognized 
that nitrous oxide enters the cuffs of ETTs, increasing their 
size and on occasion causing them to herniate, which 
presumably occurred in this case. We failed to suspect cuff 
herniation because the cuff on a Mallinckrodt ETT is a 
low-pressure high-volume type and its distal border is 
positioned between 1.5 and 2 cm from the end of the ETT, 
the variation resulting from the beveled nature of the end of 
the tube. We were unable to produce cuff herniation in 
vitro with this type of tube using a 20-mL syringe to 
simulate the trachea. The cuffs cn three tubes tested burst 
at volumes of 35, 38, and 39 mL room air. We failed to 
demonstrate cuff herniation in any of the tubes tested. 

It is difficult to explain how the cuff herniation occurred 
in our original tube, and also to envisage how the initial 6 
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Figure 1. Nasal ETT with ruptured cuff shown. Note the distance 
of the cuff from the end of the tube. 


mL of air in the cuff could expand to between 35 and 40 mL 
in 1 h. There may have been a fault in the cuff wall, one part 
of which was thinner than the rest, possibly causing 
disproportionate swelling in one area of the cuff by partly 
occluding the distal end of the ETT and allowing cuff 
rupture to occur at a low pressure. 

We report this case to remind our colleagues that cuff 
herniation is still encountered even with modern-day ETTs. 


Kenneth W. Patterson, FFARCSI 
Padraic Keane, MD, FFARCSI 
Department of Anesthesia and Intensive Care 
University College Hospital 

Newcastle Road 

Galway, Republic of Ireland 


Does Sufentanil Produce Less 
Ventilatory Depression Than 
Fentanyl? 


Key Words: ANALGESICS, SUFENTANIL, FENTANYL. 


To the Editor: 


A recent report by Bailey et al. implies that sufentanil may 
have a better margin of safety than does fentanyl—that is, 
it may achieve better analgesia with less ventilatory depres- 
sion (1). Conventional wisdom holds that equipotent doses 
of the commonly used opioid analgesics produce equiva- 
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lent degrees of ventilatory depression. Thus this report is of 
considerable interest. 

The inference that sufentanil produces relatively less 
depression of breathing than does fentanyl is based solely 
on observed effects on the ventilatory response to added 
carbon dioxide (CO). However, the report suggests some 
important problems in the performance and/or analysis of 
this ventilatory test. First of all, the control values of the 
CO, response slope were statistically significantly different 
in the two study sessions used to assess separately the 
effects of each agent. Second, the assessment of the effects 
on the CO, response slope was based only on absolute 
changes from what appear to have been significanily vari- 
able control values. Third, the analysis as presented indi- 
cates that sufentanil and fentanyl had substantially dif- 
ferent effects on the CO, response slope in relation to their 
effects on the resting end-tidal CO,—that is, sufentanil 
appeared to cause less depression of the CO, response 
slope than did fentanyl (Figure 1 of the Bailey report) while 
producing a similar if not greater increase in end-tidal CO, 
(Figure 3 of the Bailey report). These indications of some 
problem in performing and/or analyzing the CO, response 
test, together with the previously stated hazards of inter- 
preting CO, response data in isolation (2), lead one to 
question the reliability of these findings and the validity of 
the conclusion based on them. 

Do the published results of this study permit any rea- 
sonable inference about the relative ventilatory depressant 
effects of equianalgesic doses of sufentanil and fentanyl? 
Administration of each opioid was followed by time-related 
changes in resting end-tidal CO, and the pain threshold. 
Because the control values of these variables appear not to 
have differed between study sessions, and because end- 
tidal CO, may be preferable to the CO, response as an 
index of ventilatory depression in any case (2), I have used 
the reported data on end-tidal CO, and pain threshold to 
examine the degree of ventilatory depression in relation to 
the varying levels of analgesia seen with each agent. Plots 
of the increments of end-tidal CO, versus the changes in 
pain threshold (Figure 1) suggest that at similar pain 
thresholds, sufentanil and fentanyl caused roughly equiv- 
alent increases in the end-tidal CO,—especially at the 
higher pain thresholds (where the signal-to-noise ratio in 
the data was probably better). Unfortunately, the data used 
to construct these plots represent the averaged CO, and 
pain threshold differences produced by three different 
doses of each agent (the only data presented in the original 
report), and the analgesic potency of one or more of these 
three dose levels appears to have differed between agents 
(Figure 4 of the Bailey report). Accordingly, one cannot be 


- confident about a conclusion based on these plots. 


Thus, the data available from this study—as previously 
interpreted or as reinterpreted here—leave considerable 
uncertainty about the published conclusion that “sufentanil 
may provide better patient comfort with less respiratory 
depression than does fentanyl” (1). Perhaps the authors 
could provide additional information to help resolve this 
important issue—in particular, the separate values of 
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Figure 1. Ventilatory depression in relaticn to analgesia observed 
after sufentanil and fentanyl (data from Bailey et al. [1]). The 
ventilatory depressant effect is represented by increments in the 
end-tidal CO, (mm Hg) and the analgesic effect by changes in the 
pain threshold (milliamperes of electrical current that induced 
pain). The points indicate the averaged effects of three different 
doses of each agent. The lines depict the least-square linear 
regressions of each set of data points. (The r values for sufentanil 
and fentanyl data were 0.96 and 0.81, resvectively). 


PETCO, and pain threshold that were observed with each 
individual dose of sufentanil and fentanyl given. (It would 
be helpful to present the actual values of each variable 
observed rather than just the differences in values between 
the control and drug conditions.) 


R. L. Knill, MD, FRCP(C) 

Department of Anaesthesia 

University Hospital and University of Westera Ontario 
London, Ontario, Canada 
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In Response: 


Dr. Knill has asked several questions that I had anticipated 
anesthesiologists with a healthy degree of skepticism 
would ask. I shall do my best to respond satisfactorily. 
The qualified conclusion that “sufentanil may provide 
better patient comfort with less respiratory depression than 
fentanyl” was not based solely on observations of the 
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ventilatory response to added CO, as Dr. Knill suggests. 
Occlusion pressure data agreed with ventilatory response 
data, and thus two different measures of respiratory drive 
produced results pointing to greater respiratory depression 
with the doses of fentanyl used than with the doses of 
sufentanil used. 

Dr. Knill also points out that our report suggested some 
important problems in the performance and/or analysis of 
CO, challenges as a test of ventilatory drive. These “prob- 
lems,” or, as stated in our report, “causes of variability,” 
were cited as factors that may have limited our ability to 
detect other significant differences, e.g., between drug 
dosage groups, but were not meant to imply that our data 
or its accumulation was flawed. Other authors, as indicated 
in the original manuscript, have also found a wide spec- 
trum of normal responses to CO, challenges. 

Drug dosage and order of administration assignments 
were both randomized and balanced in our study. Never- 
theless, as Dr. Knill points out, the slopes of the ventilatory 
and occlusion pressure responses to CO, at baseline were 
different between the fentanyl and sufentanil groups. Al- 
though this was less than ideal, several appropriate statis- 
tical approaches exist for handling such data. One of those 
approaches is to analyze the change in the actual value 
minus the control value over time as we did (1). 

A third criticism is that our CO, response data differ 
substantially from our resting end-tidal CO, data. I believe 
Dr. Knill implies that these differences indicate a problem 
with our performance and/or analysis of CO, response 
testing. However, there is no biological law that drug- 
induced changes in the resting end-tidal CO, must parallel 
changes in the slope of the CO, response tests or vice versa. 
In addition, the fact that we could find no difference in 
resting end-tidal CO, between the sufentanil and fentanyl 
groups would also point to an advantage with sufentanil, 
as it provided greater analgesia. I believe it is important to 
distinguish and define the importance of resting end-tidal 
CO, as well as both ventilatory and occlusion pressure 
responses to CO, challenges. The relative importance of 
these variables has been debated in the past (2,3). An 
elevated resting end-tidal CO, or arterial CO, can surely be 
caused by drug-induced ventilatory depression. The venti- 
latory and occlusion pressure responses to CO, challenges, 
although rarely measured in the everyday clinical setting, 
are perhaps more sensitive measures of ventilatory control 
(2). In addition, these responses tell us how the brainstem 
will respond to serious increases in arterial CO, tensions. 
Doses of drugs that result in extremely low slopes of the 
ventilatory and occlusion pressure responses to CO, indi- 
cate a degree of depression that will most likely lead to CO, 
accumulation, CO, narcosis, and further ventilatory de- 
pression. Thus, although the resting end-tidal CO, is the 
more tangible and clinically used variable, CO, response 
data also provide valuable information. 

Dr. Knill requests additional data and believes plots of 
the resting end-tidal CO, versus the pain threshold for each 
drug dosage group will be revealing. A plot of the resting 
end-tidal CO, versus pain threshold for fentanyl (2 wg/kg) 
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Figure 1. Graphic plot of the resting end-tidal CO, (mm Hg) 
versus pain threshold (mA) for sufentanil (0.2 g/kg) and fentanyl 
(2 ng/kg). The slope for sufentanil is less than that for fentanyl and 
indicates that pain threshold (analgesia) rises faster than the 
resting end-tidal CO, with sufentanil than it does with fentanyl. 


and sufentanil (0.2 ug/kg) is illustrated in Figure 1. The 
greater slope for fentanyl (4.3) compared to sufentanil (2.6) 
indicates that more respiratory depression for a given 
degree of analgesia occurred after fentanyl than after suf- 
entanil. A plot of the 1 yg/kg fentanyl versus 0.1 pg/kg 
sufentanil produced similar results (fentanyl slope, 3.4; 
sufentanil slope, 2.8), whereas the highest doses produced 
the opposite result (fentanyl slope, 2.0; sufentanil slope, 
3.9). Thus, although no statistical significance was reached 
with these particular results, they are, overall, consistent 
with our conclusion. These data have been forwarded to 
Dr. Knill as he requested. 

I commend Dr. Knill for his healthy degree of skepti- 
cism. I invite him to evaluate the hypothesis that sufentanil 
may provide better patient comfort with less respiratory 
depression than fentanyl in the setting of his choice. 
Although this hypothesis is not consistent with current 
conventional wisdom, in the future it will hopefully be the 
conventional wisdom, if not for opioids, then for other 
potent analgesic agents. 


Peter L. Bailey, MD 
Department of Anesthesiology 
University of Utah Medical Center 
50 North Medical Drive 

Salt Lake City, UT 84132 
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Preventing Unauthorized Access to 
Narcotics in the Operating Room 


Key Words: ANALGESICS, CONTROL OF ACCESS TO 
NARCOTICS. 


To the Editor: 


Narcotic abuse and diversion remain the number-one 
health risk for practicing anesthesiologists. One factor in 
reducing and detecting narcotic diversion is accurate nar- 
cotic accountability. Most narcotic sign-out and drug ac- 
countability systems do not address the loss of narcotics 
after they are signed out. “Loss” of narcotics either through 
carelessness or through theft can label an anesthesiologist 
as suspect. 

For instance, in our hospital, until recently, narcotics 
were signed out from the pharmacy as a standardized pack 
each morning and anesthesiologists returned the excess 
and wastage at the end of the day along with a worksheet 
documenting usage. Two apparent thefts of such packs 
occurred recently, within a week. In both instances, the 
narcotics were left unattended for a few minutes in the 
operating room while the anesthesiologists transported 
patients to the recovery room. Under the circumstances, it 
was impossible to identify the source of the diversion. 

As a response to this problem, we instituted the follow- 
ing simple solution for both the operating room and the 
obstetrical anesthesia services. Narcotic packs are signed 
out each morning from the pharmacy in individual soft 
“fanny packs” that can be worn around the waist and have 
become popular worldwide as a hands-free purse (Figure 
1). Anesthesiologists wear their narcotic pack throughout 
the day, so that narcotics are never left unattended. The 
packs are returned to the pharmacy at the end of the day 
and restocked. Packs can be equipped with tamper-proof 
seals to indicate whether they have been opened. Color 
coding of the packs for regular cases and for high-dose 
narcotic cases allows easy stocking. Accounting and report- 
ing of wastage are as before. We find this system far more 
convenient and comfortable than individual lockboxes 
(which are invariably left unattended when the anesthesi- 
ologist leaves the room) or case-by-case sign-out of narcot- 





Figure 1. “Fanny Pack’ worn by anesthesia personnel to make 
narcotics available and to limit access to authorized individuals 
only. 
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ics (which requires full-time pharmacy support in the 
operating room). Another advantage of the system is that 
anesthesiologists may take a supply of narcotics with them 
when delivering anesthesia in ancillary care locations such 
as the cardiac catheterization laboratory or radiology. 

Physician and nurse acceptance of the system has been 
excellent, and return of the “fanny packs” each night 
assures their availability for restocking. 


Brian L. Partridge, MD, DPhil 
Matthew B. Weinger, MD 
Theodore J. Sanford, MD 
Department of Anesthesiology (VA-125) 
University of Californta, San Diego 
and 

San Diego VA Medical Center 

3350 La Jolla Village Drive 

San Diego, CA 92161 


Mixed Venous Oximetry May Detect 
Critical Oxygen Delivery 


Key Words: BLOOD, HEMODILUTION——isovolemic. 


To the Editor: 


Trouwborst and coworkers, in their study of changes in 
mixed venous blood oxygenation during normoxic acute 
isovolemic hemodilution (1), found that with progressive 
hemodilution oxygen uptake remained unchanged despite 
gradual decrease in oxygen delivery, until a point of critical 
oxygen delivery was reached. Thereafter, further hemodi- 
lution decreased both oxygen delivery and oxygen uptake. 
Above and below the critical oxygen delivery, the relation- 
ship between oxygen delivery and oxygen uptake seemed 
to be linear, the slope of the line being essentially zero 
above the critical oxygen delivery and positive below it. The 
average mixed venous oxyhemoglobin saturation (SVo,) 
corresponding to the critical oxygen delivery was 44% + 
8%. In the opinion of Trouwborst et al., monitoring Svo, 
would be helpful in the assessment of changes in tissue 
oxygenation during hemodilution. 

After fiberoptic pulmonary artery catheters became 
available, acceptance of SVo, monitoring into critical care 
medicine was sluggish, largely as a result of failed attempts 
to use the Svo, monitor to estimate cardiac output. How- 
ever, the use of fiberoptic pulmonary artery catheters 
spread widely after Nelson demonstrated the close associ- 
ation between SVo, and the oxygen extraction ratio (O,ER) 
(2). By estimating oxygen extraction, the ratio of oxygen 
uptake (Vo,) and oxygen delivery (Do.), one could deter- 
mine whether the patient’s hemoglobin concentration, ar- 
terial blood oxyhemoglobin saturation, and systemic blood 
flow were adequate with respect to tissue oxygen uptake. 
This analysis was based on the assumption that in most, if 
not all, clinical situations, oxygen uptake does not depend 
on oxygen delivery. Recently, several experimental and 
clinical studies have demonstrated that delivery depen- 
dency of oxygen uptake may appear when oxygen delivery 
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Figure 1. Observed changes in mixed venous oxyhemoglobin sat- 
uration (dots) plotted as a function of oxygen delivery during 
hemodilution in pigs (data from Trouwborst et al., Reference 1). 
The continuous line represents the expected change in Svo, calcu- 
lated from oxygen uptake and delivery above critical oxygen 
delivery. The dashed line delineates the expected response when 
oxygen uptake is delivery-dependent. The dotted line represents the 
expected response calculated from one set of baseline oxygen 
uptake and delivery values, assuming that oxygen delivery re- 
mains unchanged. The observed SVo, values begin to deviate from 
the response expected for delivery-independent oxygen uptake at 
the point of critical oxygen delivery. 


is lowered even within a clinically relevant range. In fact, in 
some clinical situations, delivery dependency exists at all 
levels of oxygen delivery. These findings have discouraged 
clinicians from using fiberoptic pulmonary artery catheters 
and Svo, monitoring. 

The data Trouwborst et al. present seem to indicate that 
the relevance of SVo, is not lost even when oxygen uptake 
becomes delivery-dependent. In their study, SVo, contin- 
ued to decrease in an almost linear fashion even when 
oxygen delivery was lowered below the critical point (Fig- 
ure 1). Therefore, monitoring of Svo, continued to reflect 
worsening tissue oxygen supply-demand conditions even 
when uptake was delivery-dependent. 

A closer analysis of the relationship between SVo, and 
oxygen delivery reveals that this relationship is best de- 
scribed by two hyperbolic curves that intersect at the point 
of critical oxygen delivery. Because the relationship be- 
tween oxygen uptake and delivery is very close to linear, it 
can be described using the formula 


Vo, = a-Do, -+ b, 


where a and b are constants. Because OER = Vo,/Do,, 
oxygen extraction can be expressed as a function of oxygen 
delivery by combining the two formulas: 


b 
ER = -— + ‘ 
Oz Do, a 


Assuming full oxygen saturation of arterial blood hemoglo- 
bin (3), 
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OER =j]- Svo; 


and 


Svo, ~ 1 a Do; 

This formula defines a hyperbolic curve, regardless of 
whether oxygen uptake is delivery-dependent (a > 0) or 
delivery-independent (a = 0). Because constants a and b 
have different values on different sides of the point of 
critical oxygen delivery, two separate hyperbolic curves 
apply to the range of oxygen delivery in the study of 
Trouwborst et al. (Figure 1). The average SVo, values 
reported in their paper follow very precisely the two 
hyperbolic curves generated from the corresponding aver- 
age oxygen delivery and oxygen uptake data. 

Theoretically, one could predict the changes in SVo, 
secondary to decreased oxygen delivery, given initial val- 
ues of oxygen delivery and uptake and assuming that 
oxygen uptake remains unchanged thereafter. Such a pre- 
diction is also supported by the data of Trouwborst et al. At 
the point of critical oxygen delivery, SVo, values would 
‘deviate from this prediction and begin to follow a new 
relationship defined by delivery-dependent oxygen uptake. 
This deviation should occur at the point of critical oxygen 
delivery, allowing accurate detection of this point in indi- 
vidual subjects. 

This technique might provide a better limit of hemodi- 
lution than an average critical SVo, calculated from a 
population with considerable intersubject variability. How- 
ever, a Clinical study is required to validate this approach 
before it can be used as a basis for interpreting observed 
changes in SVO}. 

Jukka Räsänen, MD 
Department of Anesthesiology 
University of South Florida College of Medicine 


12901 Bruce B. Downs Boulevard 
Tampa, FL 33612-4799 
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Extremity Tourniquet Deflation 
Increases End-Tidal Pco, 


Key Words: EQUIPMENT, rourniqueT—effects of 
deflation. 


To the Editor: 


I congratulate Dickson et al. for their study of the acute 
increase in end-tidal partial pressure of carbon dioxide (ET 
Pco,) after the release of an extremity tourniquet during 
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orthopedic surgery (1). To establish an accurate bibliogra- 
phy on the effect of tourniquet deflation on ET Pco,, I 
would like to point out that two publications on the subject, 
one by Patel et al. (2), another by Deen and associates (3), 
preceded that by Dickson et al. 

The time after tourniquet deflation at which patients 
were studied differed in the three papers. Dickson et al. 
terminated their study at 5 min, Deen et al. at 30 min, and 
Patel et al. when ET CO, returned to baseline predeflation 
values, which averaged 13 min 7 s + 5 min 17 s. The latter 
two studies found that arterial CO, tensions increased 
concomitantly with the increase in ET CO, and Patel et al. 
reported that Paco, was still elevated when ET CO, had 
returned to baseline. Patel et al. also reported decreases in 
pH greater than the expected 0.05 U for each 10 mm Hg 
increase in Paco,, indicating a metabolic component in the 
alteration of pH. 


Joseph G. Giuffrida, MD 
Department of Anesthesiology 
New York Medical College 
Metropolitan Hospital Center 
1901 First Avenue 

New York, NY 10029 
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Doppler Detection of Intravenous 
Mannitol Crystals Mimics Venous 
Air Embolism 


Key Words: EMBOLISM, arr—mimicked by 
mannitol crystals. KIDNEY, prurerics—mannitol 
and air embolism. 


To the Editor: 


By far the most common cause of changes in the precordial 
Doppler tones during craniotomy is venous air embolism 
(VAE). Another cause is injection of medications and asso- 
ciated microbubbles through a central catheter. In the 
following unusual case the cause of the Doppler changes 
was infusion of 20% mannitol in which tiny crystals had 
formed. 

The patient was a 73-yr-old man undergoing a right 
frontal craniotomy for tumor resection. The surgical posi- 
tion was supine with a head-up tilt of 15°-20°. After 
completion of the skin incision and during elevation of the 
skin flap, a loud and continuous shift was heard on the 
Doppler consistent with VAE. The patient was placed in 
the slightly head-down position by the surgical team as 
they sought to identify the source of air entrainment in the 
wound. Doppler changes consistent with VAE were still 
heard after the patient was placed head-down. During 
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evaluation of this problem the mannitol and intravenous 
tubing through which it was being infused were found to 
contain crystals (Figure 1). The mannitol infusion was 
discontinued and the Doppler changes cleared. There were 
no changes in end-tidal carbon dioxide or blood pressure 
associated with the Doppler changes. Reinstitution of the 
mannitol infusion produced Doppler changes similar to 
those heard previously. The mannitol and its intravenous 
tubing were discarded and replaced with an infusion free of 
crystals. The patient was returned to the head-up tilt 
position and no further Doppler changes were noted 
throughout the case. The patient suffered no apparent 
sequelae. 

Crystallization can occur in mannitol solutions of 20% or 
greater at room temperature. Mannitol solutions should be 
carefully inspected before being infused. 

Changes in precordial Doppler sounds may be due to 
causes other than VAE. Changes can be produced by any 
venous embolism, including mannitol crystals, that reflects 
the ultrasound waves emitted by the Doppler device. 


T. J. Losasso, MD 

D. A. Muzzi, MD 

R. F. Cucchiara, MD 
Department of Anesthesiology 
Mayo Clinic 

200 First Street SW 
Rochester, MN 55905 





A Simple Method for Reducing 
Backup of Blood Into Intravenous 
Lines Caused by Inflation of a Blood 
Pressure Cuff 


Key Words: EQUIPMENT, BLOOD PRESSURE CUFF 
—intravenous lines. 


To the Editor: 


There are numerous times when an anesthesiologist may 
find it necessary or convenient to place an intravenous (IV) 
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Figure 1. Position of IV tubing in blood pressure cuff to reduce 
backup of blood into the intravenous tubing. 


catheter and a blood pressure cuff on the same extremity. 
This usually results, however, in interruption of IV fluid 
flow and retrograde flow of blood into the IV line upon 
inflation of the blood pressure cuff. We describe a method 
for preventing backup that, te the best of our knowledge, 
has not been previously described in the literature. 

After starting the IV infusion and putting the blood 
pressure cuff in place, partially open the Velcro closure on 
the cuff and place a length of the IV fluid line tubing across 
the cuff as close as practical to the cuff’s air bladder (Figure 
1). Close the Velcro over the tubing. Subsequent inflation of 
the cuff exerts pressure on the enclosed segment of tubing, 
which prevents venous blood from flowing retrogradely 
into the IV tubing. 


Edward N. Brin, MD 

Thomas C. Lewis, MD 

Judith Ann Brin, RN 

Department of Anesthesiology 
Vanderbilt University Medical Center 
Nashville, TN 37232-2125 
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Book Reviews 


Pediatric Anesthesia, 2nd ed. 
G. A. Gregory, ed. New York: Churchill Livingstone, 
1989, 1388 pp, $125.00. 


The first edition of Pediatric Anesthesia (1983) was notable for 
its publication at a time when the subspecialty was in need 
of a comprehensive and authoritative textbook. The second 
edition is similar to the first in its goals and structure, and 
consists of two complimentary volumes, the first on funda- 
mental topics and the second on specific clinical problems. 
Most of the original 30 chapters have been updated, and six 
new chapters have been added. Any pediatric anesthesiol- 
ogist will be impressed by the list of chapters and 37 
contributors, and will not be disappointed by about four- 
fifths of the chapters. Unfortunately, one-fifth of the chap- 
ters is so incomplete, outdated, inaccurate, or misleading 
that the book’s potential as the authoritative overview of 
pediatric anesthesia is not achieved. 

_ If selective, the reader will be well rewarded by chapters 
that are superbly written, thorough, and authoritative. The 
chapters on the respiratory system and the renal system 
make embryology and physiology intriguing. ‘“Develop- 
mental Metabolism and Nutrition” is filled with historical 
developments, controversies, and common clinical implica- 
tions likely to appeal to even the most biochemistry-phobic 
among us. The essentials of safe practice are concentrated 
in the chapters on malignant hyperthermia, equipment, 
psychological preparation and premedication, maintenance 
of anesthesia, recovery room, regional anesthesia, outpa- 
tient anesthesia, and a progressive chapter on pain man- 
agement. Chapters on special techniques, congenital heart, 
thoracic, neuro, genitourinary, eye, ENT, plastic, and or- 
thopedic surgery are packed with useful facts and sophis- 
ticated discussions of issues and priorities. An exceptional 
chapter on intensive care is concise yet 82 pages long, 
covering a wide variety of subjects including the only 
discussion of cardiopulmonary resuscitation in this book 
and valuable sections on monitoring, vascular access, 
shock, and inotropes. 

On the other hand, many common clinical problems are 
given insufficient attention or entirely neglected. Alto- 
gether, less than one page is devoted to the evaluation, 
potential complications, and disposition of children with 
acute or subacute upper respiratory infections. Explicit 
recommendations for the duration of preoperative fasting 
for various age groups or for preoperative screening tests in 
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healthy children are lacking. Although routine urinalysis is 
discouraged as a screening test in the chapter on the renal 
system, the chapter on preoperative evaluation states that 
“a routine urinalysis, including specific gravity, should be 
available on all patients.” This chapter provides just one 
sentence on unsuspected murmurs and nothing on asthma. 
Surprisingly, no chapter discusses anesthesia for CT scan, 
myelogram, cardiac catheterization, balloon angioplasty, 
pericardial tamponade, heart transplantation, cardiomyop- 
athy, pacemaker insertion, hypoplastic left heart syn- 
drome, liver transplantation, organ donation, or intussus- 
ception. . 

_ Seven chapters suggest that the Pao, be maintained in 
the normal range (some say 50-70, others say 60-90 mm 
Hg) to reduce the likelihood of RLF during anesthesia for 
neonates below 44 wk postconceptual age. This advice is 
not qualified by any margin of safety during transport or 
surgery, when the Pao, is likely to decrease because of 
hypoventilation, lung retraction, endotracheal tube dis- 
placement, or low cardiac output. The chapter on genitouri- 
nary surgery is the only one to place the theoretical concern 
about a short-term exposure to hyperoxia in perspective, 
and only one of two chapters that refer to retinopathy of 
prematurity, the current terminology. 

Many basic chapters have not been updated, especially 
regarding pulse oximetry and end-tidal CO, monitoring. 
Within the chapter on monitoring, the discussion of tetral- 
ogy of Fallot monitoring ends with a statement that “de- 
spite the fact that this machine is sometimes difficult to 
calibrate and somewhat finicky, it is worth the trouble,” 
followed by a discussion of pulse oximetry that does not 
reveal a preference for it or even encourage its use for all 
patients. Although end-tidal CO, monitoring is discussed, 
there is no mention of its value in detecting disconnection, 
esophageal intubation, or rebreathing. Additionally, there 
is no statement that it is mandatory or encouraged for all 
intubated patients. Similarly, the chapter on design of the 
operating room does not mention oximetry as a standard 
monitor in the operating room or recovery room, the 
chapter on the recovery room does not mandate its use for 
every patient, and neither the chapter on the recovery room 
nor the one on outpatient anesthesia refers to oxygen 
saturation as one of the criteria for discharge from the 
recovery room. 

Examples of some of the inaccurate or misleading state- 
ments are: “infants are considered premature if they are 
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born before 38 weeks gestational age or weigh less than 
2500 gms at birth”; 0.2 mg/kg propranolol for TET spells; 
100-200 mg/kg calcium gluconate over 2-3 min for hypocal- 
cemia; “cuffed tubes may be used, even for a neonate or 
infant”; “nitrous oxide may be contraindicated in neonates 
with necrotizing enterocolitis’; “donor blood must be 
tested for a VDRL and hepatitis B antigen” (without men- 
tioning HIV, CMV, or surrogate testing); “only once has 
rectal methohexital been associated with apnea”; “at times 
the tachycardia (from pancuronium) is severe enough to 
cause congestive heart failure”; “the Cole tube is no longer 
in common use” (rather than no longer recommended); 
“red rubber tubes remain in use” (rather than condemning 
them or discouraging their use except for laser surgery); 
20-gauge intraarterial catheters should be used for all pa- 
tients =3 kg; and “the operating room should be warmed to 
32-37°C for patients weighing less than 10 kg and to 
25-28°C for larger patients.” 

The text contains very few typographical errors. All are 
obvious except on p. 221, where the word should be 
“semi-starvation,” and on p. 408, where the word should 
be “thiopental.” The paper and binding are excellent. Most 
illustrations are good although some photographs and 
x-rays did not reproduce well. 

In conclusion, Gregory’s textbook has many strong 
features. It will be extremely valuable to full-time pediatric 
anesthesiologists and others who are sophisticated enough 
to recognize its limitations. One detailed discussion on 
important issues such as URI, NPO, retinopathy of prema- 
turity, monitoring standards, quality assurance, postoper- 
ative apnea, and intraoperative hazards would have been 
particularly helpful to those looking for an introduction to 
the specialty. 


David A. Lowe, MD 

St. Christopher's Hospital for Children 
Temple University School of Medicine 
Philadelphia, Pennsylvania 


Anesthesiology and the Heart 


T. H. Stanley, R. J. Sperry, eds. Boston: Kluwer 
Academic Publisher, 1990, 346 pp, $115.00. 


This book is the hardcover collection of manuscripts used in 
the Refresher Course presentations given at the Thirty-Fifth 
Annual Postgraduate Course in Anesthesiology, which was 
held in Snowbird, Utah, in February 1990. Why publish 
such a collection of lecture notes? The editors’ stated 
purpose is that the book is to serve (a) as a reference for 
those who attended the meeting, and (b) as a vehicle for 
bringing the latest concepts in anesthesiology to others 
within a short time after the presentations. In this day of fax 
machines and laser printers, is such a vehicle necessary? 
The 28 chapters are published in the same style as the 
ASA Annual Refresher Course Lectures. Most of the chap- 
ters are well-written and cover the important clinical as- 
pects of their stated title. Little information has been rushed 
from the lab or operating room to this book. These presen- 
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tations were given by well-known anesthesiologists speak- 
ing on the specific topics for which we know them well. 

Several chapters are particularly well-written and con- 
cise, including the chapters on preoperative hypokalemia, 
evaluation of right ventricular function, calcium channel 
blocking drugs, and the physiology of congenital heart 
disease. Two separate chapters reviewing the literature 
concerning the use of isoflurane and coronary steal are 
worth reading. The chapter on anesthesia for vascular 
surgery, although well-written, is better covered by the 
same author in a recent textbook. 

Several chapters are poorly written, superficial discus- 
sions that are poorly referenced. Several misspellings, a 
missing table, and scarcely titled tables were observed. One 
chapter consists of a reprint of a 1988 journal editorial. 

In summary, this book includes an eclectic collection of 
Refresher Course presentations. The same information is 
available in a much more polished, complete form in 
several recently published anesthesia textbooks. 


Cornelius J. O’Connor, Jr, MD 
Lahey Medical Center 
Burlington, Massachusetts 


Memory and Awareness in Anesthesia 
Benno Bonke, William Fitch, and Keith Millar, eds. 
Berwyn, Pa.: Swets and Zeitlinger, 1990, 394 pp, $60.00. 


This substantial volume represents the publication of the 
proceedings of the First International Symposium on Mem- 
ory and Awareness in Anesthesia held in Glasgow, Scot- 
land, April 6-8, 1989. The organizers of that meeting did 
an admirable job of bringing together experts with both 
research-oriented and clinical interest in the problem of 
awareness and recall. The papers are, as a group, notable 
for the creative breadth of the presentations. As one often 
sees with such a compendium, there is a certain amount of 
unevenness. However, the editors managed to organize 
the 50 papers in broad categories that lend coherence to the 
project. 

What distinguishes this opus from others is its focus on 
the psychological experience of the patient and on the 
management of awareness and recall by the anesthesiolo- 
gist when they do occur. There is an entire section devoted 
to just these issues. 

Many of the papers in this compendium focus on the 
distinction between implicit and explicit memory. The idea 
is presented that, even if there is no verbal recollection of 
intraoperative events, nonverbal memory traces may still 
be present in the central nervous system. The pioneering 
work of Henry L. Bennett in this area lends credibility and 
currency to this idea. What is most exciting to this reviewer 
is that the premise that remembering may occur at a 
nonverbal level brings scientific anesthesiology closer to the 
ideas of the dynamic unconscious as propounded by Freud 
and others. It suggests that the gap between neurophysio- 
logic materialism and psychology is gradually narrowing. 
With each passing year, the literature of psychiatry be- 
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comes more neurophysiologically oriented as the literature 
of anesthesiology begins to add psychological consider- 
ations to its purview. This may reflect the realization that it 
is in the interstices of mind/body dualism that the truth can 
be found. 

The continuum of mental states between consciousness 
and unconsciousness that is evoked by anesthetics pro- 
vides a fertile laboratory for the exploration of the mind/ 
body problem. Measuring and describing aspects of chang- 
ing consciousness under the controlled circumstances of 
the administration of anesthetic drugs will eventually yield 
much information about the relationship between the 
brain’s biological and psychological states. The contribution 
that can be seen for the understanding of human behavior 
is limitless. This science is in its infancy; the implications for 
the future of humankind are enormous. The researchers 
who presented their work at this meeting are pioneers. 

The value of this book for the generalist in anesthesia 
rests in the humanization of anesthesiology as a specialty. 
It points the way to a study of anesthesia and its processes 
that admits a broader view of the work of the anesthesiol- 
ogist than has ever been available before. For those with a 
philosophical bent, this work presents a practical laboratory 
for the testing of theoretical viewpoints. 

We can look forward with eager anticipation to future 
work in this important area. This is not one of those books 
that will add to the technical proficiency of the anesthesi- 
ologist. There are plenty of those around. This is one that 
will, however, deepen the anesthesiologist’s insight into 
the nature of what he or she does. For that reason, this is a 
book that can be recommended to all anesthesiologists. 


Frank Guerra, MD 

Departments of Anesthesiology and Psychiatry 
University of Colorada 

Denver, Colorado 


Protection of the Brain From Ischemia. Current 
Neurological Practice Series 

P. R. Weinstein and A. I. Faden, eds. Baltimore: Williams 
& Wilkins, 1990, 307 pp, $85.00. 


The recent information explosion concerning the patho- 
mechanisms, diagnosis, and treatment of brain ischemia 
has provided a challenge to those hoping to keep up with 
new developments and syntheses of ideas. Correspond- 
ingly, the task of organizing a book on this topic has been 
formidable, and until now a thorough multidisciplinary 
printed source of information has been unavailable. Wein- 
stein and Faden have succeeded in incorporating the major 
components of the field of brain protection into one book, 
which has been edited with the concerns of perioperative 
stroke held in central focus. Although it is perhaps most 
specifically directed toward the neurosurgical audience, 
there is considerable overlap among disciplines, which 
makes this text of interest to many anesthesiologists. 

The book is organized into four sections: Pathophysiol- 
ogy, Diagnosis, Clinical Problems, and Protective Thera- 
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pies. Each section has contributions from numerous indi- 
viduals with widely recognized expertise in the specific 
subheadings. For example, in the pathophysiology section, 
cerebral blood flow is discussed by N. A. Lassen and 
J. Astrup, and the hemodynamics of postischemic reperfu- 
sion is discussed by K-A. Hossman. The chapter on glyco- 
lytic metabolism in brain ischemia (i.e., the glucose ques- 
tion) by M. D. Ginsberg is perhaps the best-written on this 
subject to date. In the diagnosis section, a relatively ele- 
mentary chapter is provided on CT/MRI imaging of ische- 
mic/infarcted brain, but this section (with many clearly 
illustrative images) is also comprehensive and provides a 
valuable update. 

In the clinical problems section, a chapter is included 
advising on management procedures for stroke and is 
useful because it refers primarily to modalities of treatment 
that are accepted and available. The chapter on brain 
trauma and ischemia concentrates on the perils of second- 
ary injury after head trauma such as hypoxia. The author 
(L. H. Pitts) demonstrates how the effect of these combined 
insults is more than additive and that prevention of such is 
readily obtainable. In the protective therapies section, most 
of the chapters focus on the frontiers of pathomechanisms 
and pharmacology of brain ischemia, although some prac- 
tical information is also presented. For example, the chap- 
ter on optimal anesthetic management of patients at risk for 
cerebral ischemia by McPherson et al. is successful in 
presenting, in an accurate and unbiased fashion, what is 
known about ischemia/anesthetic interactions. Another 
chapter on barbiturate therapy, unfortunately, is primarily 
anecdotal and offers little insight into what is unique about 
these cerebral metabolic rate depressants. The only other 
shortcoming of this book is the lack of discussion of 
moderate hypothermia to which considerable attention has 
been paid over the past several years as a potential low-risk 
modality for brain protection. The fact that a discussion of 
deep hypothermia, as may occur with cardiopulmonary 
bypass, is entirely absent does identify this book as focus- 
ing on disease, which is approachable by neurosurgical 
procedures. This book is excellent and is highly recom- 
mended to serve either as an introduction or as a review to 
readers interested in having current knowledge of periop- 
erative brain ischemia. 


David S. Warner, MD 
Department of Anesthesia 
The University of lowa 
lowa City, lowa 


Anesthesiology: Specialty Board Review, 

3rd ed. 

T. P. Beach. Norwalk, Conn:: Appleton & Lange, 1990, 
305 pp, $39.95. 


This reviewer was provided an opportunity to use this book 
as part of preparation for the written boards. Was the 
opportunity beneficial? The subspecialties were fairly well- 
covered, with satisfactory answers and good references. 
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Indeed, some of the questions on the written boards were 
quite similar to those in the book. One criticism of the 
format is that the “review” that preceded each of the 14 
categories was too short to be of any subsequent value in 
preparing to answer the questions that followed. 


Monique Mabey, MD 
University of Pennsylvania 
Philadelphia, Pennsylvania 


Neuroanesthesia 

S. S. Porter, ed. Philadelphia: J. B. Lippincott, 1990, 236 
pp, $30.00 single issue, $65.00 annual subscription for 
four issues of Problems in Anesthesia series. 


The major focus of this book is to provide those residents or 
practitioners who intermittently administer anesthesia for 
neurosurgical procedures with a concise and practical ap- 
proach to common neuroanesthesia problems. Most chap- 
ters describe the pathophysiology, preoperative evaluation, 
essential anesthetic considerations, anesthetic techniques, 
and postoperative management of various neurosurgical 
diseases. As a result, the chapters effectively apply basic 
physiologic and pharmacologic principles to the clinical 
management of neurosurgical patients in a problem- 
oriented manner. 

This multiauthored text contains 13 chapters that de- 
scribe the basics of cerebral physiology and metabolism; 
electrophysiologic monitoring of the central nervous sys- 
tem; head and spinal cord injury; anesthesia for children 
and adults with increased intracranial pressure, cerebral 
aneurysm clipping, posterior fossa procedures, and cere- 
brovascular disease; pediatric neuroanesthesia; preopera- 
tive evaluation; postoperative neurosurgical intensive care; 
and neurodiagnostic imaging. Some chapters are particu- 
larly well-written and provide outstanding overviews of 
common clinical concerns, especially “Anesthesia for Cere- 
bral Aneurysms and Arteriovenous Malformations” and 
“Anesthesia for Spinal Cord Injury.” “Electrophysiologic 
Monitoring of the Central Nervous System,” “Anesthesia 
for Increased Intracranial Pressure in Adults,” and “Neu- 
rodiagnostic Imaging” are also very readable and informa- 
tive for the general anesthesiologist. 

My major criticism with the book is that there is a 
disturbing degree of overlap between chapters. The pre- 
operative evaluation and postoperative neurosurgical in- 
tensive care chapters are virtually unnecessary because the 
other disease process chapters consider relevant preopera- 
tive and postoperative care within their context. The chap- 
ters on anesthesia for increased intracranial pressure in 
pediatrics and pediatric neuroanesthesia also cover similar 
material. Of lesser importance, anesthetic effects on cere- 
bral physiology, treatment of increased intracranial pres- 
sure, and electrophysiology are discussed to varying de- 
grees in multiple locations. 

If the redundancy were to be eliminated, additional 
chapters, such as anesthesia for epilepsy surgery (including 
pro- and anticonvulsant effects of anesthetics), anesthesia 
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for transsphenoidal hypophysectomy, and deliberate hypo- 
tension, could be added. This would result in a more 
comprehensive text without sacrificing the brevity and 
simplicity that are the main features of this book. 

Despite the above criticism, Neuroanesthesia is a succinct, 
highly readable, clinically relevant, problem-oriented intro- 
ductory neuroanesthesia text. It highlights areas of contro- 
versy and successfully integrates basic physiology with 
essential perioperative considerations in neurosurgical pa- 
tients. The book is highly recommended to residents dur- 
ing their month-long neuroanesthesia rotation and to busy 
practitioners who desire an update in neurosurgical anes- 
thesia. 


Karen B. Domino, MD 
Department of Anesthesiology 
University of Washington 
Seattle, Washington 


Watchful Care: A History of America’s Nurse 
Anesthetists 

Marianne Bankert. New York: The Continuum Publishing 
Co., 1989, 234 pp, $24.95. 


The subject of nurse anesthesia generates strong feelings 
among anesthesiologists, especially recently. When faced 
with such a controversial situation, historical analysis often 
both yields useful information about why and how the 
situation developéd and leads to a new understanding. 
This book provides new information about the develop- 
ment of nurse anesthesia and thus gives us a new under- 
standing of the controversy. 

The last historical analysis of nurse anesthesia, Virginia 
S. Thatcher's History of Anesthesia, With Emphasis on the 
Nurse Specialist, was published in 1953. Watchful Care re- 
views the time period covered by Thatcher and continues to 
the present. Sources used are both secondary material, 
such as Thatcher's work and The Genesis of Contemporary 
Anesthesiology by Volpitto and Vandam, primary material 
(letters, speeches, and interviews) in the archives of the 
American Association of Nurse Anesthetists (AANA), and 
bulletins and journals published by the AANA. 

The author, former chair of a college English department 
and active in the area of women’s studies, was hired by the 
AANA to prepare a new history of nurse anesthesia. Her 
approach was to broaden Thatcher’s previous historical 
examination to include the social and economic factors 
leading to nurse anesthesia and also to explore why nurse 
anesthetists were historically “invisible” until recently. 

This approach is most successful in its treatment of the 
early years of nurse anesthesia. Bankert documents that 
nurses (all female at the time) entered anesthesia because 
most doctors, (male) were not interested in anesthesia, 
primarily for economic reasons. The importance of hospital 
administrators—through both the American Hospital As- 
sociation (which fostered development of the first nurse 
anesthesia organization) and through individual efforts 
John Mannix, Assistant Director of University Hospitals in 
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Cleveland, provided critical support for the formation of 
the first organization)—is well-documented. This support 
from administrators had an economic basis also: hospital 
administrators were as interested in controlling costs in the 
1920s as today, and nurse anesthesia was cheaper than 
physician anesthesia. 

As the book proceeds, there is less strong documenta- 
tion of the effect of social and economic factors, especially 
for recent events. Although important events are chroni- 
cled, the causative factors are not always clear. There are 
good sections on the early development of anesthesia and 
surgery and the development of American nursing. A 
summary of legal actions related to nurse anesthesia is the 
best and most easily accessible account to be found. 

What problems resulted from the increasing number of 
male anesthetists after World War II? There had to be 
conflict as men took over leadership roles in the AANA. 
Men were first admitted to the AANA in 1947, and there 
have been five male AANA presidents since 1972. It would 
have been interesting to look at the percent of male mem- 
bers in the organization as these changes in leadership 
occurred and to document the conflict generated by this 
change. 

One has to wonder why these female nurses chose the 
life courses they did. It is easy to conceive of dutiful 
Catholic sisters dedicating their professional lives to serv- 
ing their hospitals and surgeons by providing needed 
anesthesia services. But what about the others? What made 
Alice Magaw (1860-1928) enter anesthesia at the Mayo 
Clinic and reach the high level of skill she did? Much 
material on her anesthesia achievements is presented but 
little on why she achieved what she did. To be fair, that 
material may not exist. 

A final question is how the AANA developed the 
political savvy it has. This is an important change from the 
past. The AANA’s ability to achieve such federal legislation 
as direct reimbursement by Medicare has to be an interest- 
ing story, but there is no information given here about how 
the organization matured in that area. 
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There are extensive quotations of primary material from 
Thatcher. It would have been useful, for historical accu- 
racy, to verify these primary sources because misquotes 
and new interpretations of old material may occur. The 
sources, however, may no longer be available. Although 
there is a name index, there is no subject index. There are 
a few typographic errors. The book is a useful addition to 
the history of nurse anesthesia. 


Selma Harrison Calmes, MD 
Department of Anesthesiology 
Olive View Medical Center 
Sylmar, California 
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Erratum 


Fong J, Gadalla F, Pierri MK, Druzin M. Are Doppler-detected venous emboli 


during cesarean section air emboli? Vol. 71, No. 3, September 1990, p. 256. 


The authors wish to inform readers that the percentage given in the 
Discussion section (first line of first paragraph and fourth line of last 
paragraph) should be 29% and not 26%. 
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EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH THE DRUG’S ACTIONS AND THE 
POSSIBLE COMPLICATIONS OF ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED 
UNLESS FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND 
AN ANTAGONIST ARE WITHIN IMMEDIATE REACH. IT IS RECOMMENDED THAT CUNI- 
CIANS ADMINISTERING LONG-ACTING NEUROMUSCULAR BLOCKING AGENTS SUCH 
AS ARDUAN® EMPLOY A PERIPHERAL NERVE STIMULATOR TO MONITOR DRUG 
RESPONSE, NEED FOR ADDITIONAL RELAXANT, AND ADEQUACY OF SPONTANEOUS 
RECOWERY OR ANTAGONISM. In patients with myasthenia gravis or myasthenic (Eaton- 
Lambert} yemen smali doses of non-depolarizing neuromuscular blocking agents may 
effects. Shorter-aciing m relaxants than ARDUAN® may be more 
suitoble for these patients. 

PRECAUTIONS: General: Since ARDUAN® has little or no effect on the heart rote, the 
drug will not counteract the bradycardia sage by many oplold anesthetic agents or 
vagal stimulation. Consequently, bradycardia during anesthesia may be more common with 
Soa when a muscle relaxant (such as pancuronium} which exerts vagolytic action 


Renal | Failure: ARDUAN® in the dose of 70-1g/kg actual body weight (ABW},.has been 
studied in a limited number of patients (n= 20) u oing renal transplant surgery recently 
dlalyzed In preparation for cadaver renal transplant. The mean dinical duration [Injection to 
25% recovery) of 103 minutes was not judged prolonged , there was wide Individual 
vartation (30 to 267 minutes}, ARDUAN® has not EAA been studied in patients with 
renal failure (for elective or emergency non-renal surgery}. Because it I$ primarily excreted by 
-the kidney and because some shorter-acting d ruge {vecuronium and atracurium) have a 
more predictable duration of action in patients with renal dysfunction, ARDUAN® should be 
used with extra caution in patients with renal failure. 

Increased Volume of Distribution: Conditions associated with an Increased volume 
of distribution, eg, slower circulation time In cardiovascular disease, old age, or edematous 
states, may be associated with a delay in onset time. Because higher doses of ARDUAN® 
may produce a er duration of action, the intial dose should not usually be Increased In 
these patients to enhance onset time; instead, more time should be allowed for the drug to 


prolonged clinical duration 
was obesity defined as 30% or more over Ideal body weight {IBW}. Clinical study subjects 
were dosed on the basis of actual body weight, which may have contributed to the higher 
incidence of prolonged duration. Ht Is therefore recommended that dosage be based upon 


ideal body weight for height in obese patients. 
Malignant H la eed Human Leas gy hyperthermic has not bean 
reported with the administration of ARDUAN® Because ARDUAN® is never used alone and 


because the occurrence of malignant hyperthermia during anesthesia is possible evan in the 
absence of known triggering agents, dinkckans should be familar with early signs, confirmo- 
tory diagnosis, and treatment of malignant hyperthermia rie aa to the start of any anesthetic. 
Inan aame T in MH-susceptible swine [n=7}, the administration of ARDUAN® was not 
associated with the development of malignant hyperthermia. 

Central Nervous System: ARDUAN® has no known effect on consciousness, the pain 
threshold, or carsbration. Therefore, administration must be accompanied by adequate 


a 
Drug Interactions: ARDUAN® can be administered owns recovery from succinylcho- 
line when the later !s used to facilitate endotracheal intubatio 


The use of ARDUAN® betore succinylcholine, In order to ee some of the side effects | 


of succinylcheline, ts not recommended because it has not been studied. 
There are no clinical data on concomitant use of ARDUAN® and other non-depolarizing 


neuromuscular b agents. l 

Inhalational Anesthetics: Use of volatile inhalation anesthetics has been shown to 
enhance the activity of other neuromuscular blocking agents on the order of enflurane > 
Isoflurane > halothane. No definite Interaction between ARDUAN® and halothane, as used 


with enflurane for 5 minutes or more, the mean clinical duration was increased by 50%. 
Therstore, o prolonged clinical duration following initia! or maintenance doses and pro- 
longed recovery from neuromuscular blocking of ARDUAN® should generally ve antic- 
inated with anflurone > isoflurane > halothane. 

Antibiotics: Porentercl/intraperitoneal administration of high doses of certain antibiotics 
may intensify or produce neuromuscular block on thelr own. The following antibiotics have 
been seal hel with various degrees of paralysis: aminoglycosides (such as neomycin, 
streptomycin, kanamycin, gentamicin, and.dihydrostreptomycin}; tetracyclines; bacitracin; 
polymydn 8; colistin; and sodium colistimethate. 


Other: Experience conceming Injection of quinidine during recovery from use of other mus- 
cle relaxants suggests that recurrent paralysis may occur. This possib lty must also be con- 
sidered for ARDUAN® ARDUAN®- induced neuromuscular blockade has dean counteracted 
by alkalosis and enhanced by acidosis in experimental animals:{cat}.In addition, experiance 
with other drugs has suggested that acute (eg, diarrhea] or chronic (aq, cdranocortical 
insufficiency) Imbalance may alter neuromuscular blockade. Since electrolyte 
knbalance and acid-base imbalance are usually mbæd, either enhancement or Inhibition 
may occur. Magnesium salts, a for the management of kxemia of pregnancy, 
may anhance neuromuscular blo 
Test interactions: None known. 

ectenesener Mutagenesis; Impalrment of Fertility: Studies in animals have 
not been performed to evaluate carcinogenic potential or Impairment of fartiity Mutagenicity 
studies (Ames tast, Sistar Chromatid ca sang conducted with ARDUAN® revealed no 
mutagenic potential. 
Pregnancy Category C: A teratogenicity study has bean conducted n rots using intra- 
venously administered doses of ARDUAN® approximating the clinical dose In humans (50 
g/kg}. No teratogenic effects were observed In this study An embryotoxic effect [secondary 
to maternal texdcity) wos observed at the highest dose administered {50 pg/kg ) os demon- 
strated by an increase in earlier fetal resorptions. There are no adequate and well-controlled 
studies In pregnant women. ARDUAN® pra be used during pregnancy only if the potential 
benefit justifies the potential risk to the fetus. 
Use in Obstetrics (cesarean section): There are insuffident data cn placental transfer 
of ARDUAN® and possible related eflectis) upon the neonate following cesarean section 
delivery. in addition, the duration of action of ARDUAN® exceeds the durction of 

cs [cesarean section}. Therefore, ARDUAN® ts not recommended for use in patients 


undergoing C-section 
Pediatric Use: Infonts (3 months to r} under balanced anesthesia (2 studies In 52 
infants}, or halothane anesthesia (1 in 29 infants), reonifest similar dose response to 
ARDUAN® as do adults on a ug! ABW basis. Children {1 to 14 years) under bakanced 
anesthesia (4 studies in 57 children}, or halothane anesthesia (2 studies in 29 children}, may 
be less sensitive than adults. These conclusions come from studies involving titrating patent 
rasponse by the incremental method to approximately 1.2 times ED,;. These ans no data on 
either onset time or clinical duration of larger doses in infants or children. There are no data 
on maintenance dosing In Infants and children. Pharmacokinetic sudes In Infants and chll- 
dran have not baan performed; therefore no pharmacokinetic modeling of incremental dos- 
ing can be attempted. The use of ARDUAN® In neonates and infants below 3 months of a 
has not been . Antagonism has not been systematica ee in infants or c 
dren. However, usual clinical doses of neostigmine administered significant levels 
of spontaneous recovery (recovery of T, to more than 50% a isan produced complete 
eoan of residual neuromuscular block in less than 10 minutas in the majority of cases. 
RSE REACTIONS: The most frequent side effect of non-depolarizing blocking 
agents as a class is an exdension of the drug’s pharmacological action beyond the time 
poriod needed for au and anesthesia. Clinical signs may vory from skeletal muscle 
weakness to profound and prolonged skeletal muscle paralysis resulting In respiratory insuffi- 
dency or apnea. This may be due to the drug's effect of Inadequate antogoniam. 

The following listings are based upon U.S. clinical studies Involving nearly 600 patients utl- 
lizing o variety of premedications, varying lengths of surgical p ures, and various anes- 

agents. 

Adverse experiences in greater than 1% of cases and judged ee a 
possible causal relationship: clinically significant hypotension (2.5% of cases); clinically sig- 
nificant bradycardia [1.4% of cases}. 

Adverse experiences in less than 1% of cases and judged by the breestigator to have a 
possible causal relationship: 

Cardiovascular: eee myocardial Ischemla, cerebrovascular accident, thrambo- 
sis, atrial fibrillation, ventricular 
Metabolle and Nutritional: Increased creatinine, hypoglycemia, hyperkalemia. 
Musculoskeletal: muscle atrophy, difficuk Intubation. 
Nervous: hypesthesia, CNS depression. 
Respiratory: dyspnea, respiratory e k laryngismus, atelectasis, 
Skin and Lite peti rash, urticaria 
oes t anuria. 
HOW SUPPLIED: 10 mL vials containing 10 mg tlhe pipecuronium bromide. Boxss 
of 6 (NDC 0052-0446-36) 10 mL vials contatni mg lyophilized pipecuronium bromide 
X u vials contalning bacteriostatk dia Injection, USP. Bows of 6 [NDC 0052- 

a 
Storage: 2°-30°C (36°-86°F). Protect from light. 
After Reconstitution: When recon with bacteriostatic water fer injection, USP: 
CONTAINS BENZYL ALCOHOL, WHICH IS NOT INTENDED FOR USE IN NEWBORNS. 
Use within 5 days. May be stored at room temperatuns or refrigerated. 

When reconstituted with sterile water for injection or other compatible IV solutions: Refrig- 
erate viol. Use within 24 hours. Single use only. Discard unused portion. 


Manutoctured by 
ORGANON INC. WEST ORANGE, NEW JERSEY 07052 


or by 


BEN VENUE LABS., INC. BEDFORD, OHIO 44146 
PTD. IN USA 446 6/90 ; 


ORGANON INC. 
Organon WEST ORANGE 
NEW JERSEY 07052 


ORG-11082 @ 1990 ORGANON INC. 


dvertisement for brief summary of prescribing information. 
‘Spe Sin 





Superior 
exceptiona 





Significantly improved speed and 
quality of recovery compared 
with thiopental/isoflurane 


Mean postanesthesia recovery times (min)' 
Thiopental/ 
DIPRIVAN isoflurane 





Duration of anesthesia 85* 57 


Response to commands Ss 6.1 
Fully oriented a Be 9.4 
Able to tolerate fluids 61* 130 
“Ready” for discharge 138* 206 





—adapted from Korttila et al, p A564' 


*Statistically significant (P < .05). 
Measurements taken from time of discontinuation of all maintenance anesthesia. 


E Majority of patients are generally 
awake, responsive, and oriented 
within 8 minutes 








,ecove. y and 
anesthetic control 





Significantly less nausea and vomiting 
than with thiopental/isoflurane 


Thiopental/ 
DIPRIVAN isoflurane 


Wetchler’ (rh =: 20) (n = 20) 
Nausea/vomiting 20% 65% 


Sung et al?’ (n = 49) (n = 50) 
Nausea/vomiting 8.1% 30% 





As part of a balanced anesthetic technique, 
DIPRIVAN is a cost-effective alternative 

to thiopental/isoflurane for induction and 
maintenance. 


Please see last pages of this advertisement for brief summary of prescribing information, 


For induction and maintenance 


INJECTION 


Superior 
exception 













Maintenance of anesthesia as ; 
easily controlled as with 
isoflurane 

O B ee state blood eana 
hs aan a : rOl 6 er One 2 rate. 


Propofol blood 






2mg/kg 









150 u.g/kg/minute 





Awakening 


100 ng/kg/minute 
Jf Responsive 


Infusion rate of propofol 







0 15 30 45 60 75 90 105 120 1 hour postoperatively 
Time (minutes) 


—adapted from Herregods et al, p 364* 


*Significant difference (P< .05) from previous value. 
**P< .02. (Mean and SEM values are shown.) 


After a loading dose of 2 mg/kg, anesthesia was maintained with 150 ug/kg/min for 
30 minutes—then 100 wg/kg/min for 90 minutes? 


E Total body clearance exceeds 
estimates of hepatic blood flow” 





No-active metabolites produced 


= 


vith most'anesthetic agents, clearance rate of DIPRIVAN decreases in elderly patients. 


recovery and 
nesthetic control 


Hemodynamic effects are controllable 
and dose-dependent 


a Blood ce ba (BP) agag ae decreases on 


E Hemodynamic effects during induction are 


generally more pronounced than with traditional 
IV induction agents 


After initial decreases in BP following induction, 
hemodynamics return toward baseline 


The cardiovascular effects of DIPRIVAN may be increased in patients who have received sedative or narcotic premedications.' 


DIPRIVAN is not a narcotic agent 
When used with NoO/Os for maintenance, supplementation with IV analgesic agents is generally required; muscle relaxants may also 
be required. 


“Elderly, debilitated, and/or hypovolemic patients, and those rated ASA III/IV, may have more profound adverse 
cardiovascular responses. 


‘Induction dose requirements may be reduced. 


Please see last pages of this advertisement for brief summary of prescribing information. 
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For induction and maintenance 
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As part of a balanced anesthetic techni? 
DIPRIVAN is a cost-effective alternative to 
thiopental/isoflurane for induction and 
maintenance. 


E Significantly improved speed and quality of recovery 
compared with thiopental/isoflurane 


E Significantly less nausea and vomiting than with 
thiopental/isoflurane 


m As convenient and as easily controlled as isoflurane 
for maintenance of anesthesia 


References: 1. Korttila K, Faure E, Apfelbaum J, Ekdawi M, Prunskis. J, Roizen M. Recovery from propofol versus thiopental-isoflurane in 
patients undergoing outpatient anesthesia. Anesthesiology. 1988;69(3A):A564. Abstract. 2. Wetchler BV. A comparative evaluation of 
recovery following anesthesia with Diprivan® (propofol) by intravenous infusion versus Diprivan® followed by isoflurane versus 
thiopental sodium followed by isoflurane for short surgical procedures. Data on file, Stuart Pharmaceuticals, Wilmington, Delaware. 

3. Sung YF, Reiss N, Tillette T. The differential cost of anesthesia and recovery with propofol-nitrous oxide anesthesia versus thiopental- 
isoflurane-nitrous oxide. Anesth Analg. 1990;70:S396. Abstract. 4. Herregods L, Rolly G, Versichelen L, Rosseel MT. Propofol combined 
with nitrous oxide-oxygen for induction and maintenance of anaesthesia. Anaesthesia. 1987;42:360-365. 5. Cockshott ID. Propofol 
(‘Diprivan’) pharmacokinetics and metabolism: an overview. Postgrad Med J. 1985;61(supp! 3):45-50. 
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STUART PHARMACEUTICALS 


A business unit of ICI Americas Inc. 
Wilmington, Delaware 19897 USA 





DIPRIVAN 


INJECTION p rO 0 0 10 / 


10 mg/mL 
EMULSION FOR IV ADMINISTRATION 


(For full prescribing information, see package insert.) 
INDICATIONS AND USAGE: DIPRIVAN Injection is an IV anesthetic agent that can be used for both induction 
and/or maintenance of anesthesia as part of a balanced anesthetic technique for inpatient and outpatient surgery. 

DIPRIVAN Injection is not recommended for obstetrics, including cesarean section deliveries, because there 
are insufficient data to support its safety to the fetus. (See PRECAUTIONS. ) 

DIPRIVAN Injection is not recommended for use in nursing mothers because DIPRIVAN Injection has been 
reported to be excreted in human milk and the effects of oral absorption of small amounts of propofol are not 
known. (See PRECAUTIONS. ) 

DIPRIVAN Injection is not recommended for use in pediatric patients because safety and effectiveness have 
not been established. (See PRECAUTIONS. ) 

DIPRIVAN Injection is not recommended for use at this time in patients with increased intracranial pressure 
or impaired cerebral circulation because DIPRIVAN Injection may cause substantial decreases in mean arterial 
pressure, and consequently, substantial decreases in cerebral perfusion pressure. (See PRECAUTIONS.) 
CONTRAINDICATIONS: When general anesthesia is contraindicated or in patients with a known hypersensitivity 
to DIPRIVAN Injection or its components. 

WARNINGS: DIPRIVAN Injection should be administered only by persons trained in the administration of general 
anesthesia. Facilities for maintenance of a patent airway, artificial ventilation, and oxygen enrichment and 
circulatory resuscitation must be immediately available. 

DIPRIVAN Injection should not be coadministered through the same IV catheter with blood or plasma because 
compatibility has not been established. In vitro tests have shown that aggregates of the globular component 
of the emulsion vehicle have occurred with blood/plasma/serum from humans and animals. The clinical signifi- 
cance is not known. 

Strict aseptic techniques must always be maintained while handling DIPRIVAN Injection. The vehicle in 
DIPRIVAN Injection is capable of supporting rapid growth of microorganisms. (See DOSAGE AND ADMIN- 
ISTRATION, Handling Procedures.) 

PRECAUTIONS: General: A lower induction dose and a slower maintenance rate of administration should be 
used in ereny aca and/or patients with circulatory disorders, and those rated ASA III or IV. (See DOSAGE 
AND ADMINISTRATION.) Patients should be continuously monitored for early signs of significant hypotension 
and/or bradycardia. Treatment may include increasing the rate of intravenous fluid, elevation of lower extremities, 
use of pressor agents, or administration of atropine. Apnea often occurs during induction and may persist for more 
than 60 seconds. Ventilatory support may be required. Because DIPRIVAN Injection is an emulsion, caution 
should be exercised in patients with disorders of lipid metabolism such as primary hyperlipoproteinemia, diabetic 
hyperlipemia, and pancreatitis. 

Since DIPRIVAN Injection is never used alone, an adequate period of evaluation of the awakened patient is 
indicated to ensure satisfactory recovery from general anesthesia prior to discharge of the patient from the 
recovery room or to home. 

Transient local pain may occur during intravenous injection, which may be reduced by prior injection of IV lidocaine 
(1.0 mL of a 1% solution). Venous sequelae (phlebitis or thrombosis) have been reported rarely (< 1%). In two well- 
controlled clinical studies using dedicated intravenous catheters, no instances of venous sequelae were reported 
up to 14 days following induction. Pain can be minimized if the larger veins of the forearm or antecubital fossa are 
used. Accidental clinical extravasation and intentional injection into subcutaneous or perivascular tissues of animals 
Caused minimal tissue reaction. Intra-arterial injection in animals did not induce local tissue effects. One accidental 
intra-arterial injection has been reported in a patient, and other than pain, there were no major sequelae. 

Perioperative myoclonia, rarely including opisthotonus, has occurred in a temporal relationship in cases in 
which DIPRIVAN Injection has been administered. 

Rarely, a clinical syndrome which may include bronchospasm and erythema accompanied by hypotension 
has occurred shortly after the administration of DIPRIVAN Injection, although the use of other drugs in most 
instances makes the relationship to DIPRIVAN Injection unclear. 

Drug Interactions: As DIPRIVAN Injection has no vagolytic activity, premedication has usually included anti- 
cholinergic agents (eg, atropine or glycopyrrolate) to modify potential increases in vagal tone due to concomitant 
agents (eg, succinylcholine) or surgical stimuli. 

The induction dose requirements of DIPRIVAN Injection may be reduced in patients with intramuscular or intra- 
venous premedication, particularly with narcotics (eg, morphine, meperidine, and fentanyl) and combinations 
of narcotics and sedatives (eg, benzodiazepines, barbiturates, chloral hydrate, droperidol, etc). These agents 
may increase the anesthetic effects of DIPRIVAN Injection and may also result in more pronounced decreases 
in systolic, diastolic, and mean arterial pressures and cardiac output. 

During maintenance of anesthesia, the rate of DIPRIVAN Injection administration should be adjusted according 
to the desired level of anesthesia and may be reduced in the presence of supplemental analgesic agents (eg, 
nitrous oxide or opioids). The concurrent administration of potent inhalational agents (eg, isoflurane, enflurane, 
and halothane) during maintenance with DIPRIVAN Injection has not been extensively evaluated. These inhala- 
tional agents can also be expected to increase the anesthetic and cardiorespiratory effects of DIPRIVAN Injection. 

DIPRIVAN Injection does not cause a clinically significant change in onset, intensity or duration of action of 
the commonly used neuromuscular blocking agents (eg, succinylcholine and nondepolarizing muscle relaxants). 

No significant adverse interactions with commonly used premedications or drugs used during anesthesia 
(including a range of muscle relaxants, inhalational agents, analgesic agents, and local anesthetic agents) have 
been observed. 

——— Mutagenesis, Impairment of Fertility: Animal carcinogenicity studies have not been performed 
with propofol. 

In vitro and in vivo animal tests failed to show any potential for mutagenicity by propofol. Tests for mutagenicity 
included the Ames (using Salmonella sp) mutation test, gene mutation/gene conversion using Saccharomyces 
cerevisiae, in vitro cytogenetic studies in Chinese hamsters and a mouse micronucleus test. 

Studies in female rats at intravenous doses up to 15 mg/kg/day (6 times the maximum recommended human 
induction dose) for 2 weeks before pregnancy to day 7 of gestation did not show impaired fertility. Male fertility 
in rats was not affected in a dominant lethal study at intravenous doses up to 15 mg/kg/day for 5 days. 
Pregnancy Category B: Reproduction studies have been performed in rats and rabbits at intravenous doses of 
15 mg/kg/day (6 times the recommended human induction dose) and have revealed no evidence of impaired fer- 
tility or harm to the fetus due to propofol. Propofol, however, has been shown to cause maternal deaths in rats 
and rabbits and decreased pup survival during the lactating period in dams treated with 15 mg/kg/day (or 6 times 
the recommended human induction dose). The pharmacological activity (anesthesia) of the drug on the mother 
is probably responsible for the adverse effects seen in the offspring. There are, however, no adequate and well- 
controlled studies in pregnant women. Because animal reproduction studies are not always predictive of human 
responses, this drug should be used during pregnancy only if clearly needed. 

Labor and Delivery: DIPRIVAN Injection is not recommended for obstetrics, including cesarean section deliveries, 
because there are insufficient data to support its safety to the fetus. 

Nursing Mothers: DIPRIVAN Injection is not recommended for use in nursing mothers because DIPRIVAN has 
aH reported to be excreted in human milk and the effects of oral absorption of small amounts of propofol are 
not known. 

Pediatric Use: DIPRIVAN Injection is not recommended for use in pediatric patients because safety and 
effectiveness have not been established. 

Neurosurgical Anesthesia: Studies to date indicate that DIPRIVAN Injection decreases cerebral blood flow, 
cerebral metabolic oxygen consumption, and intracranial pressure, and increases cerebrovascular resistance. 
DIPRIVAN Injection does not seem to affect cerebrovascular reactivity to changes in arterial carbon dioxide 
tension. Despite these findings, DIPRIVAN Injection is not recommended for use at this time in patients with 
increased intracranial pressure or impaired cerebral circulation because DIPRIVAN Injection may cause substantial 
decreases in mean arterial pressure, and consequently, substantial decreases in cerebral perfusion pressure. 
Further studies are needed to substantiate what happens to intracranial pressure following DIPRIVAN Injection 
when decreases in mean arterial and cerebral perfusion pressures are prevented by appropriate measures. 
ADVERSE REACTIONS: Adverse event information is derived from controlled clinical trials and worldwide 
marketing experience. In the description below, rates of the more common events represent US/Canadian clinical 
study results. Less frequent events are derived principally from marketing experience in approximately 7 million 
patients and from publications; there are insufficient data to support an accurate estimate of their incidence rates. 

The following estimates of adverse events for DIPRIVAN Injection are derived from reports of 1573 patients 
included in the US/Canadian induction and maintenance studies. These studies were conducted using a variety 
of premedicants, varying lengths of surgical procedures and various other anesthetic agents. Most adverse events 
were mild and transient. 

The following adverse events were reported in patients treated with DIPRIVAN Injection. They are presented 
within each body system in order of decreasing frequency. 

Incidence Greater than 1% —All events regardless of causality, derived from clinical trials 
Body as a Whole: Fever. Cardiovascular: Hypotension* (see also CLINICAL PHARMACOLOGY), Bradycardia, 


DIPRIVAN® (propofol) Injection 


Hypertension. Central Nervous System: Movement,” Headache, Dizziness, Twitching, Bucking/Jerking/ 
Thrashing, Clonic/Myoclonic Movement. Digestive: Nausea,"* Vomiting,” Abdominal Cramping. Injection Site: 
Burning/Stinging,”* Pain,** Tingling/Numbness, Coldness. Respiratory: Cough, Hiccough, Apnea (see also 
CLINICAL PHARMACOLOGY). Skin and Appendages: Flushing. 

Incidence of unmarked events is 1%-3%; *3% to 10%; **10% or greater. 

Incidence Less than 1% — Causal Relationship Probable (Adverse events reported only in the literature, not 
seen in Clinical trials, are italicized.) 

Body as a Whole: Extremities Pain, Chest Pain, Neck Stiffness, Trunk Pain. Cardiovascular: Tachycardia, 
Premature Ventricular Contractions, Premature Atrial Contractions, Syncope, Abnormal ECG, ST Segment 
Depression. Central Nervous System: Shivering, Somnolence, Hypertonia/Dystonia, Paresthesia, Tremor. 
Abnormal Dreams, Agitation, Confusion, Delirium, Euphoria, Fatigue, Moaning, Rigidity. Digestive: Hypersali- 
vation, Dry Mouth, Swallowing. Injection Site: Discomfort, Phiebitis, Hives/Itching, Redness/Discoloration. 
Musculoskeletal: Myalgia. Respiratory: Upper Airway Obstruction, Bronchospasm, Dyspnea, Wheezing, 
Hypoventilation, Burning in Throat, Sneezing, Tachypnea, Hyperventilation, Hypoxia. Skin and Appendages: 
Rash, Urticaria. Special Senses: Amblyopia, Diplopia, Eye Pain, Taste Perversion, Tinnitus. Urogenital: Urine 
Retention, Green Urine. 

Incidence Less than 1% — Causal Relationship Unknown (Adverse events reported only in the literature, not 
seen in Clinical trials, are italicized.) 

Cardiovascular: Arrhythmia, Bigeminy, Edema, Ventricular Fibrillation, Heart Block, M dial Ischemia. Central 
Nervous System: Anxiety, Emotional Lability, Depression, Hysteria, Insomnia, Generalized and Localized Seizures, 
Opisthotonus. Digestive: Diarrhea. Respiratory: Laryngospasm. Skin and Appendages: Diaphoresis, Pruritus, 
Conjunctival Hyperemia. Special Senses: Ear Pain, Nystagmus. Urogenital: Abnormal Urine. 

DRUG ABUSE AND DEPENDENCE: None known. 

DOSAGE AND ADMINISTRATION: Induction: Dosage should be individualized and titrated to the desired effect 
according to the patient's age and clinical status. Most adult patients under 55 years of age and classified ASA | 
and Il are likely to require 2.0 to 2.5 mg/kg of DIPRIVAN Injection, for induction when unpremedicated or when 
premedicated with oral benzodiazepines or intramuscular narcotics. For induction, DIPRIVAN Injection should 
be titrated (approximately 40 mg every 10 seconds) against the response of the patient until the clinical signs 
show the onset of anesthesia. 

Itis important to be familiar and experienced with the intravenous use of DIPRIVAN Injection before treating 
elderly, debilitated, hypovolemic patients and/or those in ASA Physical Status Classes III or IV. These patients 
may be more sensitive to the effects of DIPRIVAN Injection; therefore, the dosage of DIPRIVAN Injection should 
be decreased in these patients by approximately 50% (20 mg every 10 seconds) according to their conditions 
and responses. (See PRECAUTIONS, and DOSAGE GUIDE.) 

Additionally, as with most anesthetic agents, the effects of DIPRIVAN Injection may be increased in patients 
who have received intravenous sedative or narcotic premedications shortly prior to induction. 
Maintenance: Anesthesia can be maintained by administering DIPRIVAN Injection by infusion or intermittent 
IV bolus injection. The patient's clinical response will determine the infusion rate or the amount and frequency 
of incremental injections. 

When administering DIPRIVAN Injection by infusion, it is recommended that drop counters, syringe pumps 

or volumetric pumps be used to provide controlled infusion rates. 
Continuous Infusion: DIPRIVAN Injection 0.1 to 0.2 mg/kg/min administered in a variable rate infugion with 
60%-70% nitrous oxide and oxygen provides anesthesia for patients undergoing general surgery. Maintenance 
by infusion of DIPRIVAN Injection should immediately follow the induction dose in order to provide satisfactory 
or continuous anesthesia during the induction phase. During this initial period following the induction injection 
higher rates of infusion are generally required (0.15 to 0.20 mg/kg/min) for the first 10 to 15 minutes. Infusion 
rates should subsequently be decreased by 30%- 50% during the first half-hour of maintenance. Changes in 
vital signs (increases in pulse rate, blood pressure, sweating and/or tearing) that indicate a response to surgical 
stimulation or lightening of anesthesia may be controlled by the administration of DIPRIVAN Injection 25 mg 
(2.5 mL) or 50 mg (5.0 mL) incremental boluses and/or by increasing the infusion rate. If vital sign changes are 
not controlled after a five minute period, other means such as a narcotic, barbiturate, vasodilator or inhalation 
agent therapy should be initiated to control these responses. 

For minor surgical procedures (ie, body surface) 60%-70% nitrous oxide can be combined with a variable rate 
DIPRIVAN Injection infusion to provide satisfactory anesthesia. With more stimulating surgical procedures (ie, 
intra-abdominal) supplementation with analgesic agents should be considered to provide a satisfactory anesthetic 
and recovery profile. 

Infusion rates should always be titrated downward in the absence of clinical signs of light anesthesia until a mild 
response to surgical stimulation is obtained in order to avoid administration of DIPRIVAN Injection at rates higher 
than are clinically necessary. Generally, rates of 0.05 to 0.1 mg/kg/min should be achieved during maintenance 
in order to optimize recovery times. 

Intermittent Bolus: Increments of DIPRIVAN Injection 25 mg (2.5 mL) or 50 mg (5.0 mL) may be administered 
with nitrous oxide in patients undergoing general surgery. The incremental boluses should be administered when 
changes in vital signs indicate a response to surgical stimulation or light anesthesia. 

DIPRIVAN Injection has been used with a variety of agents commonly used in anesthesia, such as atropine, 
scopolamine, glycopyrrolate, diazepam, depolarizing and nondepolarizing muscle relaxants, and narcotic anal- 
gesics, as well as with inhalational and regional anesthetic agents. (See Drug Interactions.) 


DOSAGE GUIDE 
INDICATION DOSAGE AND ADMINISTRATION 
Induction Dosage should be individualized. 


Adults: Are likely to require 2.0 to 2.5 mg/kg (approximately 40 mg every 10 seconds 
until induction onset). 

Elderly, Debilitated, Hypovolemic and/or ASA Ill or IV Patients: Are likely to require 
1.0 to 1.5 mg/kg (approximately 20 mg every 10 seconds until induction onset). 


Maintenance l : = 
Infusion Variable rate infusion — titrated to the desired clinical effect. Adults: Generally, 0.1 to 


0.2 mg/kg/min (6 to 12 mg/kg/h). 
Elderly, Debilitated, Hypovolemic and/or ASA III or IV Patients: Generally, 0.05 to 
0.1 mg/kg/min (3 to 6 mg/kg/h) 

Intermittent Bolus | Increments of 25 mg to 50 mg, as needed. 


ane and Stability: DIPRIVAN Injection should not be mixed with other therapeutic agents prior to 
administration. 

Dilution Prior to Administration: When DIPRIVAN Injection is diluted prior to administration, it should only be 
diluted with 5% Dextrose Injection, USP, and it should not be diluted to a concentration less than 2 mg/mL because 
itis an emulsion. In diluted form it has been shown to be more stable when in contact with glass than with plastic 
(95% potency after 2 hours of running infusion in plastic.) 

Administration Into a Running IV Catheter: Compatibility of DJPRIVAN Injection with the coadministration of 
blood/serum/plasma has not been established. (See WARNINGS.) DIPRIVAN Injection has been shown to be 
compatible with the following intravenous fluids when administered into a running IV catheter. 

—5% Dextrose Injection, USP 

—Lactated Ringers Injection, USP 

—Lactated Ringers and 5% Dextrose Injection 

—5% Dextrose and 0.45% Sodium Chloride Injection, USP 

—5% Dextrose and 0.2% Sodium Chloride Injection, USP 
Handling Procedures: Parenteral drug products should be inspected visually for particulate matter and 
discoloration prior to administration whenever solution and container permit. 

Do not use if there is evidence of separation of the phases of the emulsion. 

Strict aseptic techniques must always be maintained during nandling as DIPRIVAN Injection is a single-use 
parenteral product and contains no antimicrobial preservatives. The vehicle is capable of supporting rapid growth 
of microorganisms. 

DIPRIVAN Injection should be drawn into sterile syringes immediately after ampules are opened. Administration 
should then commence without extended delay. 

DIPRIVAN Injection should be prepared for single patient use only and any unused portions of DIPRIVAN 
Injection or solutions containing DIPRIVAN Injection must be discarded at the end of the surgical procedure. 

Failure to follow aseptic handling procedures may result in microbial contamination causing fever and/or other 
adverse consequences which could lead to life-threatening illness. j “a 

ev. X 06/ 


Made in Sweden 
Manufactured for: 


STUART PHARMACEUTICALS 
A business unit of ICI Americas Inc. 
Wilmington, Delaware 19897 USA 
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Classified Advertising 


ANESTHESIOLOGY RESIDENCY POSITIONS 
Electronic Bulletin Board listing available. 
Residency positions for CA-1 through CA-3 
-and fellowship years in anesthesiology. 
Use telecommunication software on a com- 
puter (300 or 1200 baud, 8 data bits, 1 stop 
bit, no parity) to call (716) 473-4246, answer 
“yes” to the first question, and then follow 
the menus. This is a service provided by 
the Association of Anesthesiology Program 
Directors and the Department of Anesthe- 
siology at the University of Rochester, 
Rochester, New York. 

424F/L 


TENNESSEE 
Anesthesiologist: Periodically full-time po- 
sitions become available at the level of 
Instructor/Assistant Professor. Applicants 
must be board certified or in the board 
process and be interested in resident teach- 
ing and clinical research. Tennessee license 
required. If you would be interested in 
having your name on file, please reply with 
curriculum vitae to John T. Chesney, MD, 
Interim Chairman, ent of Anesthe- 
siology, University of Tennessee Medical 
Center at Knoxville, 1924 Alcoa Highway, 
Knoxville, TN 37920. UTMC is an Affir- 
mative Action/Title D@Section 504 Em- 
ployer. 

436F/L 


OHIO 
Anesthesiologist, University Hospitals. 
Must be at least board eligible. Equal op- 
portunity/affirmative action employer. 
Send curriculum vitae to Helmut F. 
Cascorbi, MD, PhD, Professor and Chair- 
man, Department of Anesthesiology, Uni- 
versity Hospitals of Cleveland, 2074 Abing- 
ton Road, Cleveland, OH 44106. 

446G/L 


LOUISIANA 
Anesthesiologist. Board-certified or -eligi- 
ble anesthesiologist to fill clinical faculty 
positions at a University Medical Center. 
The position responsibilities include ad- 
ministration of anesthesia, teaching of res- 
idents, and supervision of CRNAs. Encour- 
agement will be given to initiate or 
participate in research. Faculty rank and 
will be commensurate with experi- 
ence. Louisiana State University Medical 
Center, School of Medicine in Shreveport is 
an affirmative action/equal opportunity em- 
ployer. Send curriculum vitae to D. Richard 


Davis Il, MD, Chairman, Department of 
Anesthesiology, LSU Medical Center, P.O. 
Box 33932, Shreveport, LA 71130-3932. 


468H/A 


PACIFIC NORTHWEST 

Position available for board certified or 

soon to be Eoard certified anesthesiologist. 

Send CV and date available to Box 472H/A. 
AT2HIA 


UPSTATE NEW YORK 
Full-time anesthesiologists BC or BE to fill 
available position immediately. Diverse 
case load. No OH. Pain management expe- 
rience a plus but not required. Excellent 
salary | health, life, and disability insur- 
ance. Salaried first year leading to early 
partnership. Send CV and three references 
to Watertown Anesthesia Services, P.C., 
P.O. Box 779, Watertown, NY 13601, or call 
(315) 785-6830. 

476H/A 


CARDIOTHORACIC ANESTHESIA 
FELLOWSHIP 
Washington University Medical Center. 
Applications are being accepted for 6- or 
12-month fellowship (CA-4) starting in 
1991. Full spectrum of adult cardiothoracic 
anesthesia including arrhythmia surgery, 
and active heart and lung transplantation 
rogram. Research opportunities are avail- 
able. Address correspondence with CV and 
names of three references to Demetrios G. 
Lappas, MD, Director, Division of Car- 
diotnoracic Anesthesia, Washington Uni- 
versity Medical Center, 660 South Euclid 
Campus Box 8054, St. Louis, MO 63110. 
483/L 





CALIFORNIA 

Los Angeles County, Harbor-UCLA Medi- 
cal Center, Department of Anesthesiology. 
Unexpected openings in faculty position at 
the rank of Assistant Professor. Desire re- 
cent graduate of anesthesiology {fellowship 
with research training. Board eligible or 
certified. Active clinical services, research, 
and independent residency program in the 
department. Excellent southern Los Ange- 
les location. Ample academic career oppor- 
tunities with joint UCLA and LA County 
appointments. Competitive compensa- 
tions. Send statement, CV, and list of ref- 
erences to Chingmuh Lee, MD, Professor 
and Chairman, Department of Anesthesiol- 


ogy, Harbor-UCLA Medical Center, 1000 
West Carson Street, Torrance, CA 90509. 
Equal Opportunity Employer. 

485U/K 


VIRGINIA: CARDIOTHORACIC 
ANESTHESIOLOGIST 
Immediate opening for BC/BE anesthesiol- 
ogist, with cardiac fellowship training pre- 
ferred, for a continually growing private 
adult cardiac anesthesia practice. Currently 
over 1300 pump cases per year, including 
EP studies and transplants. Send CV to Box 
4871/K. 

4871/K 


ILLINOIS 

Anesthesiologist to join congenial group of 
MDs/CRNAs expanding to provide anes- 
thesia coverage for two campuses of the 
only hospital in the city since a recent 
merger. One facility will provide ophthal- 
mology care; the second will provide am- 
bulatory and in-hospital anesthesia serv- 
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ices. No open heart or neurosurgery. Good 
opportunity with stable future. Please send 
CV to Box 488I/K. 

488/K 


ANESTHESIOLOGIST 
Board-certified or graduating resident to 
join three BC anesthesiologists. Fee for 
service. Private, NFP, 117-bed hospital. No 
craniotomies, OH. Near University of 
Notre Dame. Reply to Roberta Mann, Med- 
ical Staff Services, POB 880, Mishawaka, IN 
46544. Telephone (219) 258-1346. 

4891/K 


REGIONAL ANESTHESIA/PAIN 
FELLOWSHIP 
The Anesthesiology Department at Virginia 
Mason Medical Center is now accepting 
ee for the Moore/Bridenbaugh 
Fellow beginning in July 1991. This position 
includes a CA3 year in clinical anesthesia 
followed by a year of research fellowship in 
regional anesthesia. Contact Stephen M. 
Rupp, MD, Department of Anesthesia B2- 
AN, Virginia Mason Medical Center, P.O. 
Box 900, Seattle, WA 98111. 

493K 


GEORGIA (SOUTH) 
Close to Florida and Georgia beaches. An- 
esthesiologist BC or BE to join corporate 
group of MDs and CRNAs. First year sal- 
ary, then partnership. No open heart, no 
neurosurgery, no routine OB. Full details 
first letter. Reply to Box 495I/K. 

4951/K 


ANESTHESIOLOGIST 
BC/BE to join the medical staff of a small, 
rural community hospital. All types of an- 
esthesia. Sport enthusiast’s paradise, of- 
fering water skiing, fishing, and hunting. 
Send CV to Administrator, Abrom Kaplan 
Memorial Hospital, 1310 West 7th Street, 
Kaplan, LA 70548. 

496I/L 


FULL-TIME ANESTHESIOLOGIST 
BC or BE to join a group of anesthesiolo- 
gists and CRNAs providing all types anes- 
thesia coverage, though little obstetrical, to 
three hospitals and a day surgery facility in 
a southwest Louisiana city of approxi- 
mately 75,000. Please send CV to 1415 18th 
Street, Lake Charles, LA 70601. 

4971/B 


OREGON 

Obstetric Anesthesia Fellowship positions 
for subspecialty training in high-risk obstet- 
rics. Opportunities for clinical and basic 


research. Send CV, three references, and a 
summary of career goals to Harvey Carp, 
MD, PhD, Director of Obstetric Anesthesia, 
Department of Anesthesiology, Oregon 
Health Sciences University, 3181 SW Sam 
Jackson Park Road, Portland, OR 97201. 
4991/K 


ILLINOIS 
Large, well-established, single-specialty 
group of anesthesiologists seeks additional 
BC/BE anesthesiologists. Challenging op- 
po for those interested in a broad- 
sed practice. All surgical subspecialties 
represented. Minimal OB and pain man- 
agement. Early partnership. Please send 
CV to Associated Anesthesiologists, S.C., 
5401 North Knoxville, Suite #49, Peoria, IL 
61614. 
511J/C 


DEPARTMENT OF ANESTHESIOLOGY, 
UNIVERSITY OF CALIFORNIA, 
SAN DIEGO is recruiting for four faculty 
poao at all ranks. One position is the 
irector of the UCSD Pain Management 
Program. Applicants for this position must 
have experience in all aspects of inpatient 
and outpatient pain management and have 
extensive EAR in pain rese and 
treatment. Applicants must demonstrate 
motivation to e d a pain management 
center and be able to direct a clinical pain 
research program involving protocol driven 
human studies. The three other positions 
require experience in teaching and clinical 
training, patient care, and research interest 
or experience is preferred. One position 
requires demonstrated experience in critical 


care. One position requires subspecialty 
training an erience in obstetric anes- 
thesia. One of the four positions may be 


tenured track. Otherwise the positions are 
nontenured track. Rank and salary com- 
mensurate with rience and based on 
the UCSD School of Medicine Faculty Com- 
nsation Plan. Must be board certified or 
d eligible in Anesthesiology and a Cal- 
ifornia Medical License is required. Posses- 
sion of a certificate of speci ifications 
in Critical Care Medicine or eligibility to 
take the quays exam is required for the 
critical care position. Please send letter, 
curriculum vitae, and names/addresses of 
three references to Harvey M. Shapiro, 
MD, De ent of esthesiology, 
H-770-A, University of California San Di- 
ego Medical Center, 225 Dickinson Street, 
San Diego, CA 92103. The University of 
California, San Diego, is an ar Oppor- 
tunity/AA Employer. All ae cations re- 
ceived by December, 31, 19 
thorough consideration. 


will receive 


518]/L 


ATLANTA, GEORGIA: PAIN CONSULTANT 

Position available for BC anesthesiologist 
pain consultant, Pain Management Serv- 
ices, Department of Anesthesiology in 500- 
bed acute-care hospital. Significant OR an- 
esthesia required as well on a rotating 
basis. Applicant must have minimum of 
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one year fellowship in pain and have expe- 
rience in all aspects of acute, chronic, and 
cancer a control including proficiency in 
neural blockade as applied to pain manage- 
ment. Replies with CV to Box 519J/L 


519J/L 


PEDIATRIC ANESTHESIA FELLOWSHIP 
The Department of Anesthesiology, Co- 
lumbia-Presbyterian Medical Center, is of- 
fering a fellowship in pediatric anesthesia 
at the Babies Hospital. The pro is 
designed for individuals at the 4, or 
CA3 and 4 level, who are interested in 
pursuing academic careers. Interested indi- 
viduals should contact Peter Rothstein, 
MD,. Director, Division of Pediatric Anes- 
thesia, Babies Hospital, BN 440, 622 West 
168th Street, New York, NY 10032. 

520)/L 


MISSOURI 
Anesthesiologist, BE/BC needed to join 
hospital-based group practice in St. Louis 
area. CRNA supervision required. All spe- 
cialties except open heart. Excellent salary 
and fringe benefits package. Send CV to 
Michael Stelmacki, 1 Insurance Center, 
Suite 101, Creve Coeur, MO 63141 

521J/L 


CALIFORNIA 
From time to time faculty positions as an 
Assistant Professor become available in the 
Regular Professorial Series (Tenure Track) in 
the UCLA Department of Anesthesiology. 
Candidates are required to show evidence 
or promise of research productivity and 
scholarly writing. Other requisites include 
clinical and teaching skills; commitment to 
discovery; eligibility for a California Medi- 
cal License; ABA certification or in process. 
Address correspondence with five refer- 
ences and curriculum vitae to Stuart F. 
Sullivan, MD, Department of Anesthesiol- 
ogy, UCLA School of Medicine, Los Ange- 
les, CA 90024-1778. UCLA is an Affirmative 
Action, Equal Opportunity Employer. 
526J/C 


CALIFORNIA 

Faculty positions in the Clinician-Teacher 
Academic Professorial Series in the UCLA 
Department of Anesthesiology are avail- 
able. We are interested in all anesthesia 
subspecialties. Requisites include eligibility 
for a California Medical License and ABA 
certification or in process. Address corre- 
spondence with five references and curric- 
ulum vitae to Stuart F. Sullivan, MD, De- 
partment of Anesthesiology, UCLA School 
of Medicine, Los Angeles, CA 90024-1778. 
UCLA is an Affirmative Action, Equal Op- 


portunity Employer. 
527}/C 
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ANESTHESIOLOGIST/LAUREL, MISSISSIPPI 
Join solo anesthesiologist at 275-bed medi- 
cal center. Community of 20,000 just 90 min 
from Gulf Coast. Excellent financial pack- 
age. Interviewing and relocation expenses 
paid. Send CV or call Greg Pilgrim, Jackson 
and Coker, Inc., 115 Perimeter Center 
Place, Suite 380 AAO, Atlanta, GA 30346. 
Telephone: 1-800-544-1987. 

528K 





ANESTHESIOLOGISTS, MISSOURI 
Anesthesiologists needed at assistant, asso- 
ciate, and professor levels. Must be board 
certified or board eligible. Duties include 
patient care, resident and medical student 
teaching, and research. Positions available 
at the University of Missouri-Columbia 
Health Sciences Center. Interested appli- 
cants send Curriculum vitae to G.W.N. 
Eggers, Jr., MD, Professor and Chairman, 
Department of Anesthesiology, University 
of Missouri Health Sciences Center, Co- 
lumbia, MO 65212. 

529K/A 








ANESTHESIOLOGIST 
Veterans Affairs Medical Center in Grand 
Junction, Colorado is seeking an anesthesi- 
ologist. We offer a competitive salary, 30 
days vacation, 13 sick days, 10 paid holi- 
days, retirement including TSP-deferred in- 
vestment opportunity, health and life in- 
surance, workman’s compensation for on- 
the-job injuries, employee assistance 
program, and free malpractice insurance. 
Please call Personnel Service [(303) 242- 
0731, ext. 2062], 2121 North Avenue, Grand 
Junction, CO 81501. 

530K 








FELLOWSHIP—PEDIATRIC 
ANESTHESIOLOGY 
The Department of Anesthesiology of Co- 
lumbus Children’s Hospital is expanding 
its fellowship program. Positions are cur- 
rently available for a 1-year fellowship in 
pediatric anesthesiology. Children’s Hospi- 
tal of Columbus, Ohio is a 313-bed general 
pediatric institution with a surgery case- 
load of 13,000-14,000 cases per year. All 
pediatric surgical specialities are repre- 
sented with large case loads in pediatric 
neurosurgery and cardiovascular surgery. 
Regional anesthesia in infants and children 
along with acute/chronic pain management 
experience is available. An active trans- 
plantation service is present. Opportunity 
for research is provided under the guidance 
of a full-time director of research. Inquiries 
should be submitted to J. David Martino, 
MD, Chairman, Department of Anesthesi- 
ology, Columbus Children’s Hospital, Co- 
lumbus, OH 43205. 

531K/D 





GEORGIA 
BC/BE anesthesiologist needed to join pri- 
vate practice in the Atlanta area. Position 
available for July 1991. No hearts. Send CV 
to WS, 31 Hanarry Drive, Lawrenceville, 
GA 30245 or (404) 995-4680. 

932K/D 





ATLANTA, ANESTHESIOLOGIST 

Needed to join one doctor and three 
CRNAs in this suburban community hos- 
pital. State-of-the-art department with low 
stress environment. No neuro, no hearts. 
Send CV or call: MCM Anesthesia, 1311 
Crestline Drive, Smyrna, GA 30080: (404) 
920-6300. 

933K 


EJI 


CHAIRPERSON, DEPARTMENT OF ANES- 
THESIOLOGY 
A board-certified osteopathic physician 
with demonstrated administrative and aca- 
demic abilities to serve as Chairperson and 
Program Director for the Chicago College 
of Osteopathic Medicine and Medical Cen- 
ters. Leadership and management skills, 
clinical competence, and experience with 
anesthesiology residency program re- 
quired. Full-time position. Competitive sal- 
ary and benefit package. Apply to 
Lawrence Haspel, DO, Chairman, Search 
Committee, 5200 South Ellis Avenue, Chi- 
cago, IL 60615. 

534K 





OHIO 

University of Cincinnati, Department of 
Anesthesia, has faculty positions at assis- 
tant/associate professor levels. Candidates 
should be board eligible/certified and eligi- 
ble for licensure in the state of Ohio. Ap- 
plicants with interest in neuroanesthesia, 
cardiac anesthesia, and regional anesthesia 
are encouraged to apply. We are an equal 
opportunity/affirmative action employer. 
Send curriculum vitae and references to 
Phillip O. Bridenbaugh, MD, Chairman, 
Department of Anesthesia, University of 


Cincinnati College of Medicine, 231 Be- 
thesda Avenue, Cincinnati, OH 45267- 
0531. 

535K 
NE TEXAS 


Busy regional medical center in attractive 
Texas community of 27,000 (referral area 
150,000) seeks BE/BC anesthesiologist. 
Shared call coverage. Modern 200-bed hos- 
pital with latest technology. Reply to Box 
536K. 

536K 


PEDIATRIC ANESTHESIOLOGIST 
The Alfred I. duPont Institute Children’s 


Hospital of the Nemours Foundation is 


recruiting a pediatric anesthesiologist to 
join a rapidly developing pediatric anesthe- 
sia practice in a privately endowed chil- 
dren’s hospital. We are seeking a board- 
certified anesthesiologist who desires a 
position that allows participation in re- 
search, administrative responsibilities, and 
direct patient care. 

The Alfred I. duPont Institute is an expand- 
ing, 100-bed children’s hospital located on 
a 300-acre estate just northwest of Wilming- 
ton, Delaware and 30 minutes south of 
Philadelphia. For more information, please 
send your curriculum vitae to Robert G. 
Kettrick, MD, Director, Departments of 
Anesthesiology and Critical Care, Alfred I. 
duPont Institute, P.O. Box 269, 1600 Rock- 
land Road, Wilmington, DE 19899. 

37K 


JI 





FELLOWSHIP AND CA-3 
(Positions in Pain Management) 
The Pain Management Center at The Cleve- 
land Clinic Foundation has positions avail- 
able for those interested in advanced train- 
ing in acute and chronic pain management. 
A large multidisciplinary program for inpa- 
tients and outpatients provides care for a 
wide range of chronic pain states. The Pain 
Center is integrated with the Spine Center, 
a well-established Drug Dependency Unit 
in the Department of Psychiatry, and the 
Cancer Center. Fellows are encouraged to 
spend a varying amount of their training in 
these three areas. In addition to the usual 
experience obtained from the medical man- 
agement, regional anesthetic, and neuro- 
logic procedures, as well as long-term in- 
dwelling catheter systems, being a referral 
center for the Reflex Sympathetic Dystro- 
phy Syndrome Association (RSDSA), a 
large exposure to patients suffering from 
sympathetically maintained pain states will 
be gained. Fellows are expected to partici- 
pate and CA-3 residents will be given the 
opportunity to undertake research on the 
acute and chronic pain services. Twelve- 
month fellowships are available for resi- 
dents having successfully completed a 
CA-3 vear, as are CA-3 programs of 6 or 12 
months. Inquiries may be directed to 
Michael Stanton-Hicks, MB, BS, MD, Di- 
rector, Pain Management Center, M-60, 
Department of Anesthesiology, The Cleve- 
land Clinic Foundation, 9500 Euclid Ave- 
nue, Cleveland, OH 44195-5254. Tele- 
phone: (216) 444-3769. 

539K 





WASHINGTON 

Anesthesiologists, BC/BE: need one now 
and two in spring to join group of 15 MDs. 
Must be proficient in cardiac, neuro, OB, 
and with pain experience. Located on 
Puget Sound. Unusually equitable salary 
and benefits. Send CV to John Meisburger, 





Stadol® (butorphanol tartrate) 
For complete information consult official package circular. 


INDICATIONS AND USAGE 

Stadol is recommended for the relief of rioden to severe pain. Stade! oan alao be used for preoperative 
oT preenesthetio medicetion, as a supplement to bakeoced snesthesia, and for the relief of prepertum 
pain. 


CONTRAINDICATIONS 
Madol should not be administered to patients who have been shown to be hypersensitive to it. 


Patients Physically Dependent on Narcotics 

Be ee re rey ERNO 
on narpotics. Detoxification in such petiente i required prior to use. 

Due to the difficulty in aseeesing addiction in patients who have moently received substantia! amounts 

of narcotic medication, owution should be used in the administration of Stadol Detoxification af such 

patients prior to usage should be carefully considered. 


Daring Balanced Anesthesia 
ince the combined depreseant effect of ali intrewenous mactiostion used daring condact 
undar ventilation 


Special care should be exerolsed in Stadal to emotionalty and to 
those with a history of drug misuse. When long term therapy is contemplated, such patients should 
be Ewen though Stadol has a low physloal care should be 


It is 
avoid increases in dose and frequency of injcions bythe patie and to rove tho upa of te Ug 
in anticipation of pain rather than for the relief of pain. 

Head Injury and Increased Intreorantal Pressure 

ee halla ik cyclase ri sce od a se elie a 
Hke other potent analgesios, elevates cerbroepinal tiid preesure. Therefore the use of Stadol in cases 
of head injury can produse effects (a.g. mioels) which may obecure the clinical course of patients 
ee re ire at a ORES TE on one E 
is deemed essential 


Cardiovascular Kffects 
pani ae af el oral car a ren Ab rp eon 
ATT A E iy Boake int daa neh irae motored ean ean 

or corarary insuffickency should be limited to those who are hypersensitive 
Peeks sites @ Gee 


impaired Renal or Hepatic Function 
T TA ee ee ee 
impairment, ths drug shoud be administerac 

Extensive liver diesess may prodispome to 

Ginibal does. possibly tha rerit ol dacreaad imotabclines Ottis duia by tho leet 

Bitery Surgery 

Clinical studies have not been done to establish the safety of Stadol administration to patients about 
to undergo surgery of the biliary tract. 

Usage as a Pre-operative or Pre-aneethetic Medication 

Sight increases in systolic blood pressure may occur, therefore caution should be employed when 
Stadol is used in the hypertensive patient. 

Usage in Pregnency 

Tha safety of Stadol for use in pregnancy prior to the labor period has not bean established; therefore, 
Bde ec ale a eae 
is deemed essential to the welfare of 

ee a rate, mice, and rabbits and have revealed no evidence 
af isisiaiegdl Torille or harte to he hie Gue io ALda at anoni 21 to 6 heee tha Rumin Goad 
Usage in Labor and Delivery 

In general, the safety to the mother and fetus following the administration of Stadol during labor 


has been however, there have been a few reports of infant respiratory distressiapnes 
occurring after delivery (lees than 1%; see Adverse } ts receiving Stadol during labor 
havo experienced adversas than those commonly used analgesics. 


no 
Stadol should be used with caution in women delivering premature infants. 

Usage in Nursing Mothers 

The use of Stadol in lactating mothers who ars nuring thei infants is not recommended, since it 
is not mown whether this drug te wocreted in milk. Stadol hes been used safely for labor pain in 
mothers who subsequently nursed their infants. 

Usege in Children 

Safety and efficacy in children below age 18 ywars have not bean established at present. 
ADVERSE REACTIONS 

The mow frequent adverse E ee sedation (603, 40%), 


nausea (82, 6%}, Se Oe 

Loas frequent reactions are nope ihe %), vertigo (34, 3%), po orear aie dcadea dixziness 
(23, 2%), lethargy (19, 2%), confusion (16, 1%), lighthendedness (12, 1 

ee 
CH3: nervousness, unusual dreeme, agitation, euphoria, hallucinations, serrures 
Autonomic: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular; pelpitation, incrense or decrease of blood pressure 
Gastrointestinal: Vomiting 
Reepiratory: skeving of respiration, shallow breathing, apnea 

: rash or hives 

Eye: dipicpla or binrred vision 


OVERDOSAGE 
Mantfestations 
Although there have been no experiences of overdosage with Stadol during clinical trials, this may 


; Stadol overdosage 
and cardiac status of the patient should be evaluated constantly and appropriate supportive measures 
intravencea fluice, vasopresaco and assisted or controlled respiration. 


SUPPLY 
Stadol (butorphanal tartrate Inj, USP) for LM. or LV. wee is available as follows: 


NDC 0015-5646-20 - 2 mg per mL, 1ml, vial 
NDC 0015-6648-20 - 2 mg per mL, 10-mL onulti-dose vial 


For information on pecluxye sites available, refer to the current price schedule. 


BRISTOL LABORATORIES 

Bristol-Myers 

U.S. Pharmaceutical and Nutritional Group 
Evansvila, Indiana 47721 


ANESTHESIOLOGIST 


West Virginia University (WVU) Health Sciences Center, De- 
partment of Anesthesiology, is recruiting for an -anesthesiolo- 
gist. Our Department currently has 15 faculty members and 
sponsors an approved residency training program, which has 24 
residents. 


Requirements for entry as Assistant Professor include comple- 
tion of CA Ul or fellowship year, with Board Certification 
preferred. An outstanding teaching opportunity is provided as 
resident and medical student education represent the primary 
mission of the Department. Consideration for either a research 
or a Clinical track will be based on candidate background and 
preference. Interest in anesthesia for pediatrics, obstetrics, 
neurosurgery, and pain management is desirable. 

WVU is in Morgantown, West Virginia, approximately 75 miles 
south of Pittsburgh on major interstate highways. The area, 
providing abundant recreation for all seasons, is situated in the 
scenic Allegheny Highlands region. 


Clinical services are provided at the Ruby Memorial Hospital, a 
tertiary care center which opened in July, 1988. This $87 million, 
376-bed facility features 12 operating rooms, all with state-of- 
the-art equipment. 


As evidence of tremendous institutional growth is the new $25 
million Physician Office Center, which houses the largest multi- 
specialty group practice in the State; the new Cancer Center, 
which is the State’s only NCI-designated cancer research cen- 
ter; Chestnut Ridge Hospital, a 70-bed psychiatric hospital for 
comprehensive inpatient and outpatient care; and a 60-bed 
rehabilitation hospital, now under construction. 

WVU is an Equal Opportunity/Affirmative Action Institution. © 
For additional information, contact: Edward Stullken, M.D., 
Chairman, Department of Anesthesiology, WVU Health Sci- 
ences Center, Morgantown, WV 26506. Telephone: (304) 293- 
S411. 


EEG AND EVOKED POTENTIALS: INTRAOPERATIVE 
AND ICU MONITORING 


January 3-6, 1991 
The Buena Vista Palace 
Lake Buena Vista, Florida 
In Walt Disney World Village 





Course Directors: Betty L. Grundy, M.D., Michael E. Mahla, M.D. 
and Wiliam A. Friedman, M.D. 
FACULTY: Philip G. Boysen, M.D. Edward J. Hammond, Ph.D. 
Fred Bauman, R. EEG/R. EP T. Christopher F. James, M.D. 
Geraldine M. Chadwick, M.A. Steven A. Reid, M.D. 
Gian E. Chatrian, M.D. Frank W. Sharbrough, M.D. 


Jasper Daube, M.D. Kathryn A. Toney, B.S. 
Salvatore R. Goodwin, M.D. 


Learn all YOU need to know about EEG and Evoked Potential 
Monitoring 

A distinguished faculty will present indications methods, and 
interpretation techniques for EEG and evoked potential moni- 
toring. Participants will be divided into small groups for a more 
personal, hands-on approach, using a wide variety of EEG and 
evoked potential systems. 


Course tuition is $500 ($550 after November 30, 1990). Cancel- 
lation of registration by written notification only prior to Decem- 
ber 1, 1990. There is a $50 cancellation fee. This program has 
been approved for 25 hours in Category 1 of the Physicians 
Recognition Award of the American Medical Association. 


For complete information contact Mrs. Carolyn Schoenau, Pro- 
gram Coordinator, Anesthesiology Alumni Association of Flor- 
ida, Inc., Post Office Box 13417, Gainesville, Florida 32604 (Area 
code 904 392-8959). 


MD, St. Joseph Hospital, Department of 
Anesthesia, 1718 South I Street, Tacoma, 
WA 98405-5051. 
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CALIFORNIA 
Anesthesiology, Pain Management Fellow- 
ship, UC Irvine. The University of Califor- 
nia, Irvine, Department of Anesthesiology 
is accepting applications for CA4 fellow- 
ship positions in Pain Management. The 
rapidly expanding Pain Management Cen- 
ter at UC Irvine offers extensive clinical 
experience and education in all aspects of 
acute and chronic pain. With the addition 
of six new Pain Management faculty, there 
is extensive emphasis on the teaching of 
regional anesthetic techniques, invasive 
and noninvasive chronic pain regimens, 
and involvement of other disciplines. The 
clinic for chronic pain provides services to 
all types of pain patients, and the large 
University Medical Center is an excellent 
medium for the use of standard and sophis- 
ticated acute pain modalities. In addition to 
developing clinical expertise in pain man- 
agement, our fellows get involved in re- 
search projects with the help of a full-time 
research assistant. Six-month or one-year 
fellowships are available. MD degree and 
California license are required. Send curric- 
ulum vitae and three references to Carl A. 
Hess, MD, Director, Pain Management 
Center, Department of Anesthesiology, 
University of California, Irvine, 101 City 
Drive South, Route 81A, Orange, CA 
92668; (714) 634-6437. The University of 
California, Irvine is an equal opportunity 
employer. 
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BE PREPARED FOR YOUR ORAL BOARDS! 
Let three board-certified academic anes- 
thesiologists instruct YOU through person- 
alized practice exams. Individual and 
group critiques are provided during this 
intensive weekend course held in Ann 
Arbor, Michigan and Orlando, Florida. 
Approved for category I CME credits. 
Class size limited. Past participants can 
verify success. Inquire to ACE Oral 
Boards, Inc., 21518 Garrison Avenue, Dear- 
born, MI 48124; or call (313) 561-3744 or 
(407) 352-9138. 
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TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 
The unique feature of these tutorials is the 
small group size. The personalized format 
with a maximum of four students in a 
session allows your performance to be eval- 
uated throughout the session and permits 
you to raise questions for discussion. Tu- 
toring for the written and oral exams are 
given separately. The sessions are held in 
San Francisco and New York and are given 
in blocks of 2 or 3 days. FOR THE WRIT- 
TENS, essential test-taking skills are taught 
for dealing with multiple-choice questions. 
The basic sciences are stressed. FOR THE 
ORALS, mock orals are practiced using the 
guided case discussions which meet the 
Board’s stated objectives. All students will 
receive study programs for use following 
these sessions. CALL 415-321-1117. 

5051/B 


Dial 1-800/RENT-A-DOC 

For anesthesiologists and CRNAs. We can 
provide you with quality locum tenens 
services to meet your specific coverage 
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needs. Or work locum tenens with us for a 
change in both your practice and your 
lifestyle. ReplaceMed * 1-800/736-8236 * PO 
Box 640 * Michigan City, IN 46360. 
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DANIEL & YEAGER LOCUM TENENS 
Daniel & Yeager is the only name you need 
for locum tenens. Anesthesia is our exclusive 
specialty, so you are assured of our undi- 
vided attention. Earn a premium income 
while eliminating administrative headaches 
and malpractice premiums, we cover it all. 
Call John Daniel today at 1-800-955-1919 or 
write to 7220 Governors Drive, Huntsville, 
AL 35806. 
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(800) FAST-GAS 
The number that hundreds of hospitals 
nationwide have called for permanent and 
temporary anesthesia services. The number 
that thousands of anesthesia professionals 
have called to secure permanent and tem- 
porary positions nationwide. Bay Area An- 
esthesia, Inc. 1-800-327-8427 for years of 
professional anesthesia service. 

473H/A 


LOCUM-TENENS ANESTHESIOLOGISTS 
Earn up to $40,000 more per year than 
agencies pay. Don’t work for an agency. 
Work for yourself as I do. For details, send 
name and address to Dr. Monroe, 7035 
Highway 6 South, Suite 175-B, Houston, 
TX 77083. 
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Critical Parameters in Selecting 
a Neuromuscular Blocking Agent 


Virtually free of cardiovascular —" er À 
# Sei aie Significant variations in blood 
HEMODYNAMICS cere ia at higher doses pressure and cardiac output? 
Precaution advised for 
| et Moree ak patients in whom substantial 
HISTAMINE Histamine release unlikely even histamine release wond be 
at 0.28 mg/kg a Ao 
gj i hazardous (clinically significant 
cardiovascular disease, asthma)? 
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(vecuronium bromide) 
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Shorter-acting at equipotent 


Significantly slower recovery# 
doses4 g y y 










Can be used in short, 
intermediate, or long cases. 

No dosage adjustments required 
to avoid cardiovascular side 
effects’ 











Doses higher than 0.5 mg/kg not 
recommended.’ Dosage 
adjustments needed to avoid 
histamine release? 6 
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FLEXIBILITY 
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STABILITY 






Room temperature Constant refrigeration? 














2-year shelf life (under 
refrigeration) immediately 
reduced to 14 days once 
removed from refrigeration, 
even if re-refrigerated’ 






2-year shelf life in lyophilized 
form 
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_ THIS DRUG SHOULD BE ADMUESTERED BY ADEQUATELY TRAINED NORIDUALS FAMILIAR WITH ITS 
ACTIONS, CHARACTERISTICS, AND HAZARDS. 
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lnfosion rates of Norcuron® can be individualized for each patient using the following table 


Drug Detivery Rate infusion Delivery Rats 
(oyinin) gimmie MOm) na mgmt 
07 0.007 0.0035 
08 0.008 0.0040 
09 0,009 0.0045 
10 0.010 0.0050 
"4 ooi 0.0055 
12 0.012 0.0080 
i3 0013 0.0065 


“10 mg of Norcuron® in 100 mL solution 
+20 mg of Norcuron® in 100 mL soulen 


The following table fs a guideline for mL/min delivery for a solion of 0.1 mg/ml (t0 mg in 102 mL} with an infusion pun 
NORCURON® INFUSION RATE — MLIN 


Amount of Drug Patent Weigtt — kg 
pofggarin 40 oO 8 =ss BD 70 80 80 100 
0.7 0.28 0.35 0.42 0.49 0.55 0.63 0.70 
0.8 0.32 0.40 0.48 0.56 0.64 0.72 0.80 
0.9 0.38 0.45 0.54 0.63 0.72 0.81 0.90 
-0 0.40 0.50 0.60 0.70 0.83 0.90 1.00 
“1 0.44 0.55 0.68 0.77 0.83 0.99 1.10 
ge 0.48 0.60 0.72 0.84 0.95 1.08 120 
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add $75.00 in USA, Canada, and Mexico, $55.00 for surface airlift to Europe, 
$75.00 for surface airlift to Japan, and $145.00 for airmail to the rest of the world. 
Postmaster: Send address changes to: Anesthesia and Analgesia, Elsevier Science 
Publishing Co, Inc, 655 Avenue of the Americas, New York, NY 10010. 


Orders and inquiries regarding institutional and nonmember individual 
subscriptions should be directed to: Journals Fulfillment, Elsevier Science 
Publishing Co, Inc, 655 Avenue of the Americas, New York, NY 10010. 
Subscriptions are entered for the calendar year, January-December. 


Correspondence inguiries regarding IARS member subscriptions should be 
sent to the IARS at the Cleveland, Ohio address above. Correspondence 


regarding all other subscriptions should be sent to Elsevier. 


Advertising inquiries should be addressed to: Pharmaceutical Media, Inc, 
440 Park Avenue South, 14th Floor, New York, NY 10016. Although all 
advertising material is expected to conform to ethical (medical) standards, 
inclusion in this publication does not constitute a guarantee or endorsement of 
the quality or value of such product or of the claim made of it by its 
manufacturer. 


No responsibility is assumed by the Publisher for any injury and/or damage 
to persons or property as a matter of products liability, negligence or 
otherwise, or from any use or operation of any methods, products, instruc- 
tions or ideas contained in the material herein. No suggested test or 
procedure should be carried out unless, in the reader's judgment, its risk is 
justified. Because of rapid advances in the medical science, we recommend 
that the independent verification of diagnoses and drug dosages should be 
made. Discussions, views, and recommendations as to medical procedures, 
choice of drugs, and drug dosages are the responsibility of the authors. 
See classified ads section for submission of classified material. 

Single issues: Single copy information available from Elsevier Science 
Publishing Co, Inc, upon request. Back volume (all issues prior to 1983) 
information available from IARS. 


As with all potent opioids, profound 
analgesia is accompanied by respiratory 
depression and diminished sensitivity to 
CO, stimulation which may persist into or 
recur in the postoperative period. Appro- 
priate postoperative monitoring should be 
employed to ensure that adequate spon- 
taneous breathing is established and main- 
tained prior to discharging the patient 
from the recovery area. 


References: 1. de Lange S, Boscoe MJ, Stanley TH, Pace 
N. Comparison of sufentanil-O, and fentanyl-O, for 
coronary artery surgery. Anesthesiology. 1982; 56:112- 
118. 2. Flacke JW, Bloor BC, Kripke BJ, et al. Comparison 
of morphine, meperidine, fentanyl, and sufentanil in 
balanced anesthesia: a double-blind study. Anesth 
Analg. 1985;64:897-910. 3. Benefiel DJ, Roizen MF. 
Lampe GH, et al. Morbidity after aortic surgery with 


1986;65:A516. Abstract. 4. Roizen VAE Lampe GH, 
Benefiel DJ, et al. Is increased operative stresss associ- 
ated with worse outcome? Anesthesiology. 1987;67:A1 
Abstract. 5. Clark NJ, Meuleman T, Liu WS, Zwanikken P. 
Pace N, Stanley TH. Comparison of sufentanil-N,O and 
fentanyl-N,O in patients without cardiac disease under- 
going general surgery. Anesthesiology. 1987;66:130-135. 


Betore prescribing, please consult complete prescribing information, of which the following is 
a brief summary. 





CAUTION: Federal Law Prohibits Dispensing Without Prescription 
DESCRIPTION: SUFENTA (sufentanil citrate) is a potent opioid ana algesi ic ( hemically designated d as N-[-4-(meth- 
oxymethyl)-1-[2-(2-thienyl)ethy!]-4-piperidinyl]-N-phenylpropanamide 2-hydroxy-1,2,3-propanetricarbı yxylate 
(1:1) with a molecular weight of 578.68. SUFENTA is a sterile, preservative free, aqueous solution containing 
sufentanil citrate equivalent to 50 ug per ml of sufentanil base for intravenous injection. The solution has a pH range 
of 3.5-6.0 
INDICATIONS AND USAGE: SUFENTA (sufentanil citrate) is indicated: As an analgesic adjunct in the maintenance 
of bala pisis gener ral anesthesia. As a primary anesthetic se ie for the induction and maintenance of anesthesia with 
100% oxygen in patients undergoing major surgical procedures, such as cardiovascular st Jrgery or neurosurgical 
oaa] n the sitting position, to provide favorable myocardial and cerebral oxygen balance or when extended 
postoperative ventilation is is anticipated. SEE DOSAGE CHART FOR MORE COMPLETE INFORMAT ION N ON THE USE 
OF SUFENTA 
CONTRAINDICATIONS: SUFENTA is contraindicated in patients with known hypersensitivity to the drug 
WARNINGS: SUFENTA should be administered only by persons specifically trained in the use of 
intravenous anesthetics and management of the respiratory effects of potent opioids. An opioid 
antagonist, resuscitative and intubation equipment and oxygen should be readily available. 
SUFENTA may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence and sever ty of 
muscle rigidity is dose related. Administration of SUFENTA may produce muscular rigidity with a more rapid onset 
than that seen with fentanyl. SUFENTA may produce muscular rigidity that involves the skeletal muscles of we neck 
and extremities. The incidence can be reduced by: 1) administration of up to 1⁄4 of the full paralyzir ng dose of a non- 
ern neuromuscular blocking agent just prior to administration of SUFENTA at dosages of up to 8 ug/kg, 
ministration of a full paralyzing dose of a neuromuscular blocking agent following loss of consciousness when 











) adr 
SUFENTA | S used in anesthetic dosages (above 8 g/kg) titrated by slow intravenous infusion, or, 3) simultaneous 
administration of SUFENTA and a full paralyzing dose of a neuromuscular blocking agent when SUFENTA is used in 
rapidly administered anesthetic dosages (above 8 g/kg). The neuror muscular blocking agent should be compatible 
with the patient's cardiovascular status. Adequate facilities should be available for postoperative monit oring and 
ventilation of patients administered SUFENTA. It is essential that these facilities be fully equipped to handle all 
degrees of respiratory depression 
PRECAUTIONS: General: The initial dose of SUFENTA should be appropriately reduced in elderly and debilitated 
patients. The effect of the initial dose should be considered in deter mining supplemental doses. Vit al signs should be 
monitored routinely. Nitrous oxide may produce cardiovascular depression when given with high doses of SUFENTA 
(see CLINICAL PHARMACOLOGY). The hemodynamic effects of a particular muscle relaxant and the degr ee of 
skeletal muscle relaxation required should be considered in the selection of a neuromuscular blocking agent. High 
doses of pancuronium may produce increases in heart rate during SUFENTA-oxygen anesthesia. Br adyc ar ardia i has 
been reported infrequently with SUFENTA-oxygen anesthesia and has been responsive to atropine. Respiratory 
depression caused by opioid analgesics can be reversed by opioid antagonists such as naloxone. Because the 
duration of respiratory depression produced by SUFENTA may last longer than the duration of the opioid antagonist 
action, appropriate surveillance should be maintained. As with all potent opioids, profound analgesia is accompanied 
by respiratory depression and diminished sensitivity to CO, stimulation which may persist into or recur in the post- 
operative period. Appropriate postoperative monitoring should be employed to ensure that adequate spontaneous 
breathing is established and maintained prior to discharging the patient from the recovery area. Interaction 
with Other Central Nervous System Depressants: Both the magnitude and duration of central nervous system and 

Cardiovascular effects may be enhanced when SUFENTA is administered to patients receiving barbiturates, 
tranquilizers, other opioids, general anesthetics or other CNS depressants. In such cases of combined treatment. the 
dose of one or both agents should be reduced. Head Injuries: SUFENTA may obscure the clinical course of patients 
with head injuries. Impaired Respiration SUFE NTA should be used with caution in patients with pulmonary disease, 
decreased respiratory reserve or potentially compromised respiration. In such patients, opioids may additionally 
decrease respiratory drive and increase ines; resistance. During anesthesia, this can be managed by assisted or 
controlled respiration. Impaired Hepatic or Renal Function: In patien ts with liver or kidney dysfunction, SUFENTA 
Should be administered with caution due to the importance of these organs in the metabolism and excretion 
of SUFENTA 
Carcinogenesis, Mutagenesis and Impairment of Fertility: No ong-term animal studies of SUFENTA have 
been performed to evaluate carcinogenic potential. The micronucleus test in female rats revealed that si@ple 
intravenous doses of SUFENTA as high as 80 pg/kg (approximately 2.5 times the upper human dose) pr@juced no 











Predictable control 
of stress responses 
from induction through recovery 


stress response to intubation and surgical stimulation ' 
intraoperative hemodynamic stability 
of the stress response is associated with less postoperative morbidity 34 


postoperative analgesia with faster recovery of respiratory drive ° 


structural chromosome mutations. The Ames Sa/monella typhimurium metabolic activating test also revealed no 

mutagenic activity. See ANIMAL TOXICOLOGY for reproduction studies in rats and rabbits 

Pregnancy Category C: SUFENTA has been shown to have an embryocidal effect in rats and rabbits when given 

in doses 2.5 times the up per human dose for a period of 10 days to over 30 days. These effects were most probably 

jue to maternal toxicity (decreased food consumption with inc reased mortality) following prolonged administration 

of the drug. No evidence of teratogenic effects have been o served ad after admini strat ion of SUFENTA in rats or rabbits 

There are no adequate and well-controlled studies in stn it Wo men. SUFENTA should be used during pregnancy 

only if the potential benefit jus glee the potential risk to the fetus 

Labor and Delivery: There z are insufficient data to support the use of SUFENTA in labor and delivery. Therefore, 

such use is not recommended 

Nursing Mothers: |t is not known whether this dr ah is excreted in human milk. Because many drugs are excreted 
uman milk, caution should be exercised when SUFENTA is administered to a nursing womar 

Pediatric Use: The safety and efficacy of SUFENTA in childre inder two years of age undergoing cardiovascular 

surgery has been documented in a limited number of cases 

Animal Toxicology: The intravenous LD, of SUFENTA is 16.8 to 18 0 mg/kg in mice, 11.8 to 13.0 mg/kg in guinea 

pigs ar lss 10.1 to 19.5 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of up to 

2.5 tim de upper human dose for a period of 10 to over 30 days revealed high maternal mortality rates due to 

loma tood consumpt o and anoxia, which preclude any meaningful interpretation of the results 

ADVERSE REACTIONS: ost common adverse reactions of opioids are respiratory depression and skeleta 

muscle rigidity. See CLINICAL P PHARMACOLOGY WARNINGS and PRECAUTIONS on the management of respiratory 

gepre rani and skeletal muscle rigidity. The most frequent adverse reactions in clinical trials involving 320 patients 

administered SUFENTA were hypotension (7%), Merisi on (3%), chest wall rigidity (3%) and bradycardia (3%) 























ther adverse reactions with a reported inciden f less than 1% were 

Cardiovascular: tachycardia, arrhythmia Dermatological: itching, erythen 
Gastrointestinal: nausea, vomiting Central Nervous System: chills 

Respiratory: apnea, postoperative respiratory Miscellaneous: intraoperative muscle movement 


depression, bronchospasm 

DRUG ABUSE AND DEPENDENCE: SUFENTA (sufentanil citrate) is a Schedule |! controlled drug substance that 
can produce drug dependence ba morphine type an heretor e has the potential for be 9 abused 
OVERDOSAGE: Overdosage j be manifested by an extension of the pharmacological actions of SUFENTA 

see CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. However, no experiences of overdosage 
with SUFENTA have been established during clinical trials. The intravengus LDs, of SUFENTA in male rats is 9.34 to 
12.5 mg/kg (see pee Seta eee for LDgos in other species). Intravenous administration of an opioid antagonist 








such as naloxone should be employed as a specific antidote to manage respiratory depression. The duration of 
respiratory cece following overdosage with SUFENTA may be longer than the curation of action of the opioid 
antagonist. Administration of an opio nd ant Sepa Should not preclude more immediate countermeasures. In the 





event of overdosage, oxygen should be administered and ventilation assisted or controlled as indicated for hypo- 
ventilation or apnea. A pls airway ine be maintained and a ne asopharyngeal airway or endotracheal tube may 
be indicated. If depressed respiration is associated with muscular rigidity, a neuromuscular blocking agent may be 
asst to ls icilitate assi sted 0 or controlled respiration. Intravenous fluids and vasopressors for the treatment of 
hypotension and other supportive measures may be employed 
DOSAGE AND ADMINISTRATION: The dosage of SUFENTA should be individualized in each case according to 
body weight, physical status, underlying pathological condition, use of other drugs, and type of surgical procedure 
ind anesthesia. In obese patients (more than 20% above ideal total body weight), the dosage of SUFENTA should be 
determined on the basis of lean body weight. Dosage should be reduced in elderly and debilitated patients (see 
PRECAUTIONS). Vital signs should be monitored routinely. Protect from light. Store at room temperature 15°-30° C 
2-BG° F) 
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BAIR HUGGER ™ TIME IN SURGERY 


CONVECTIVE WARMING ™ 

THERAPY STARTED For more information 

about Bair Hugger ™ 
Convective Warming Therapy, 


1. Bair Hugger” Convective Warming Therapy must j : 22 97 
begin rorredienely after induction of anesthesia on call 1-800-733-7775 


“Terms of guarantee: 


the “high” setting and continue throughout the case or COPA) 941-8866 
if indicated. | 


2. Infused blood and fluids must be warmed to body 
temperature. 


lf these two criteria are met and the patient is ALIGUS | CAI ay 
hypothermic at the end of the operation (core i GL STINE MEDI z INC. 
temperature — 36°C), Augustine Medical will replace PRACTICAL SOLUTIONS TO COMMON PROBLEMS IN ACUTE CARE ™ 
the Warming Cover. This guarantee is limited to the 
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Easy reversal, complete recovery 


Rapid elimination of Tracrium means Outstanding record 
easy reversal and fast, complete recovery. Of all of cardiovascular safety 


the agents in its class* Tracrium has the shortest 


elimination half-life (approx. 20 min.).' ‘Documented by two recent surveillance 
studies: “The absence ofa significant difference 


‘Low risk of residual blockade in cardiovascular events between the atracurium 


i Inshort and long procedures and ina wide and comparison groups in the U.S. study was 
Tange of patient types, its unique metabolism— - corroborated in the U.K. study; however in the 


‘unaffected by renal or hepatic dysfunction — latter, the vecuronium group experienced 
- gives Tracrium the most consistent sae ~~ more cardiovascular events than the 
dynamic profile of any nondepolarizing -+ atracurium group”? 
neuromuscular blocker.? EAE Ka Px, <*Noidepolarizing neuromuscular blocking agents. 
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3 References and brief summary of full preeria information can be foundont the ong page. pe 
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TRAGRIUM ection 


(atracurium besylate) 


Ready-to-use convenience, stable 14 days on carts and trays 


Brief Summary 
This drug should be used only by adequately trained individuals familiar with its actions, characteristics, and 
hazards. 


INDICATIONS AND USAGE: Tracrium is indicated, as an adjunct to general anesthesia, to facilitate endayacheal 
intubation and to provide skeletal muscle relaxation during surgery or mechanical ventilation 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to have a hypersensitivity to it 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT AND RESPI- 
RATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE FOR ENDOTRACHEAL 
INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION OF POSITIVE PRESSURE 
OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH ASSISTED OR CONTROLLED VENTI- 
LATION. ANTICHOLINESTERASE REVERSAL AGENTS SHOULD BE IMMEDIATELY AVAILABLE. DONOTGIVE 
TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. Tracrium has no known effect on consciousness, pain 
threshold, or cerebration. It should be used only with adequate anesthesia. Tracrium Injection, which has an 
acid pH, should not be mixed with alkaline solutions (e.g. , barbiturate solutions) in the same syringe or administered 
simultaneously during intravenous infusion through the same needle. Depending on the resultant pH of such 
mixtures, Tracrium may be inactivated and a free acid may be precipitated. Tracrium Injection 10 mL multiple 
dose vials contain benzyl alcohol. Benzyl alcohol has been associated with an increased incidence of neurological 
and other complications in newborn infants which are sometimes fatal. Tracrium Injection 5 mL ampuls and 5 
mL single use vials do not contain benzyl alcohol. 


PRECAUTIONS: General: Although Tracrium is a less potent histamine releaser than d-tubocurarine or metocurine, 
the possibility of substantial histamine release in sensitive individuals must be considered. Special caution should 
be exercised in administering Tracrium to patients in whom substantial histamine release would be especially 
hazardous (€.g., patients with clinically significant cardiovascular disease) and in patients with any history (€.9., 
severe anaphylactoid reactions or asthma) suggesting a greater risk of histamine release. In these patients, the 
recommended initial Tracrium dose is lower (0.3 t00.4 mg/kg) than for other patients and should be administered 
slowly or in divided doses over one minute. Since Tracrium has no Clinically significant effects on heart rate 
in the recommended dosage range, it will not counteract the bradycardia produced by many anesthetic agents 
or vagal stimulation. As a result, bradycardia during anesthesia may be more common with Tracrium than with 
other muscle relaxants. Tracrium may have profound effects in patients with myasthenia gravis, Eaton-Lambert 
syndrome, or other neuromuscular diseases in which potentiation of nondepolarizing agents has been noted. 
The use of a peripheral nerve stimulator is especially important for assessing neuromuscular blockade in these 
patients. Similar precautions should be taken in patients with severe electrolyte disorders or car- 
Cinomatosis. Multiple factors in anesthesia practice are suspected of triggering malignant hyperthermia (MH), 
a potentially fatal hypermetabolic state of skeletal muscle. Halogenated anesthetic agents and succinylcholine 
are recognized as the principal pharmacologic triggering agents in MH-susceptible patients; however, since 
MH can develop in the absence of established triggering agents, the clinician should be prepared to recognize 
and treat MH in any patient scheduled for general anesthesia. Reports of MH have been rare in cases in which 
Tracrium has been used. In studies of MH-susceptible animals (Swine) and ina clinical study of MH-susceptible 
patients, Tracrium did not trigger this syndrome. Resistance to nondepolarizing neuromuscular blocking agents 
may develop in burn patients. Increased doses of nondepolarizing muscle relaxants may be required in burn 
patients and are dependent on the time elapsed since the burn injury and the size of the burn. The safety of 
Tracrium has not been established in patients with bronchial asthma. Long-Term Use in Intensive Care Unit 
(ICU): Tracrium has been used to facilitate mechanical ventilation in ICU patients. When there is a need for long- 
term mechanical ventilation, the benefits to risk ratio of neuromuscular blockade must be considered. There 
is only limited information on the efficacy and safety of Tracrium administered by long-term (days to weeks) in- 
travenous infusion to facilitate mechanical ventilation in intensive care facilities. For Tracrium, as with other 
neuromuscular blocking agents used in intensive care facilities, available evidence suggests that there is wide 
interpatient variability in dosage requirements and that these requirements may change with time. Limited data 
suggest that Tracrium infusion requirements may increase with prolonged administration inthe ICU As with 
other neuromuscular blocking agents, little information is available on the plasma levels or clinical consequences 
of atracurium metabolites following long-term (days to weeks) infusion of Tracrium in the intensive care unit set- 
ting. One metabolite of atracurium, laudanosine, when administered alone to laboratory animals, has been 
associated with cerebral excitatory effects. Physiological effects of laudanosine in humans have not been 
demonstrated. The effects of hemodialysis, hemoperfusion and hemofiltration on plasma levels of atracurium 
and its metabolites are unknown. Drug Interactions: Drugs which may enhance neuromuscular blocking ac- 
tion of Tracrium include: enflurane; isoflurane; halothane: certain antibiotics, especially the aminoglycosides 
and polymyxins; lithium; magnesium salts; procainamide; and quinidine. If other muscle relaxants are used 
during the same procedure, the possibility of a synergistic or antagonist effect should be considered. The prior 
administration of succinyicholine does not enhance the duration, but quickens the onset and may increase the 
depth, of neuromuscular blockade induced by Tracrium. Tracrium should not be administered until a patient has 
recovered from succinylcholine-induced neuromuscular blockade. Carcinogenesis, Mutagenesis, Impairment 
of Fertility: A positive response was observed in the mouse lymphoma assay under conditions which killed over 
80% of the treated cells. A far weaker response was observed in the presence of metabolic activation at concen- 
trations which also killed over 80% of the treated cells. Pregnancy: Teratogenic Effects: Pregnancy Category 
C. Tracrium has been shown to be potentially teratogenic in rabbits, when given in doses up to approximately 
one-half the human dose. There are no adequate and well-controlled studies in pregnant women. Tracrium should 
be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. Labor and Delivery: 
It is not Known whether muscle relaxants administered during vaginal delivery have immediate or delayed adverse 
effects on the fetus or increase the likelihood that resuscitation of the newborn will be necessary. The possibility 
that forceps delivery will be necessary may increase. Tracrium (0.3 mg/kg) has been administered to 26 pregnant 
women during delivery by cesarean section. No harmful effects were attributable to Tracrium in any of the newborn 
infants, although small amounts of Tracrium were shown to cross the placental barrier. The possibility of respiratory 
depression in the newborn infant should always be considered following cesarean section during which a 
neuromuscular blocking agent has been administered. In patients receiving magnesium sulfate, the reversal 
of neuromuscular blockade may be unsatisfactory and Tracrium dose should be lowered as indicated. Nursing 
Mothers: It is not known whether this drug is excreted in human milk. Caution should be exercised when Tracrium 
is administered to a nursing woman. Pediatric Use: Safety and effectiveness in children below the age of 1 
month have not been established 


ADVERSE REACTIONS: Observed in Controlled Clinical Studies: Tracrium produced few adverse reactions during 
extensive Clinical trials. Most were suggestive of histamine release (see Precautions Section). The overall in- 
cidence rate for clinically important adverse reactions was 7/875 or 0.8%. Most adverse reactions were of 
little clinical significance unless they were associated with significant hemodynamic changes. Substantial vital 
sign changes greater than or equal to 30% observed in 530 patients, without cardiovascular disease, were as 
follows: in those patients given the recommended initial dosage range of 0.31 to 0.50 mg/kg of Tracrium, mean 
arterial pressure increased in 2.8% and decreased in 2.1% of patients while the heart rate increased in 2.8% 
of these patients. At doses of > 0.60 mg/kg, 14.3% of the studied patients had a decrease in mean arterial 
pressure while 4.8% had an increase in heart rate. Atdoses < 0.30 mg/kg, mean arterial pressure increased 
in 1.9% and decreased in 1.1% of patients, while heart rate increased in 1.6% and decreased in 0.8% of these 
patients. Observed in Clinical Practice: Based on clinical experience in the U.S. and the United Kingdom of 
approximately 3 million patients given Tracrium the following adverse reactions are among the most frequently 
reported: General: allergic reactions (anaphylactic or anaphylactoid) which, in rare instances, were severe (€.g.. 
Cardiac arrest); Musculoskeletal: inadequate, prolonged block: Cardiovascular: hypotension, vasodilatation 
(flushing), tachycardia, bradycardia; Respiratory: dyspnea, bronchospasm, laryngospasm; Integumentary: rash, 
urticaria, injection site reaction 


STORAGE: Tracrium Injection should be refrigerated at 2° to 8°C (36° to 46°F) to preserve potency. DO NOT 


FREEZE. Upon removal from refrigeration to room temperature storage conditions (25°C /77°F), use Tracrium 
Injection within 14 days even if rerefrigerated. 


1. Miller RD. Rupp SM, Fisher DM, Cronnelly R, Fahey MR, Sohn YJ. Clinical pharmacology of vecuronium and 
atracurium. Anesthesiology. 1984:61:444-453. 

2. Ward S, Neill EAM. Pharmacokinetics of atracurium in acute hepatic failure (with acute renal failure). Br J 
Anaesth. 1983;55:1169-1172. 

3. Lawson DH, Paice GM, Glavin RJ, et al. Atracurium — a post-marketing surveillance study: U.K. study and 
discussion. Br J Anaesth. 1989:62:596-600 
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ANESTHESIOLOGIST ~ 


West Virginia University (WVU) Health Sciences Center, De- 
partment of Anesthesiology. is recruiting for an anesthesiolo- 
gist. Our Department currently has 15 faculty members and 
sponsors an approved residency training program, which has 24 
residents. 

Requirements for entry as Assistant Professor include comple- 
tion of CA Ill or fellowship year. with Board Certification 
preferred. An outstanding teaching opportunity is provided as 
resident and medical student education represent the primary 
mission of the Department. Consideration for either a research 
or a Clinical track will be based on candidate background and 
preference. Interest in anesthesia for pediatrics, obstetrics, 
neurosurgery. and pain management is desirable. 

WVU is in Morgantown, West Virginia, approximately 75 miles 
south of Pittsburgh on major interstate highways. The area, 
providing abundant recreation for all seasons, is situated in the 
scenic Allegheny Highlands region. 

Clinical services are provided at the Ruby Memorial Hospital, a 
tertiary care center which opened in July. 1988. This $87 million, 
376-bed facility features 12 operating rooms, all with state-of- 
the-art equipment. 

As evidence of tremendous institutional growth is the new $25 
million Physician Office Center. which houses the largest multi- 
specialty group practice in the State; the new Cancer Center. 
which is the State's only NCI-designated cancer research cen- 
ter; Chestnut Ridge Hospital. a 70-bed psychiatric hospital for 
comprehensive inpatient and outpatient care: and a 60-bed 
rehabilitation hospital. now under construction. 

WVU is an Equal Opportunity/Affirmative Action Institution. 
For additional information, contact: Edward Stullken, M.D.. 
Chairman. Department of Anesthesiology. WVU Health Sci- 
ences Center. Morgantown. WV 26506. Telephone: (304) 293- 
S411. 




























__ Pediatric 
Anesthesiologist 


Pediatric Anesthesiologist (BC/BE) is 
needed for a large university practice. 
Experience in all types of pediatric 
anesthesia required. Interest in research 
and teaching highly desirable. Present 
staff of 25 MDs, over 40 CRNAs and over 
20 residents provides challenging anes- 
thesia care team setting. OR area contains 
state-of-the-art equipment in 20 new or 
renovated suites. 


Albany Medical Center, a 674-bed tertiary 
care teaching center is centrally located in 
beautiful upstate New York. The area 
offers a wealth of recreational, cultural 
and educational opportunities. 


Interested applicants should send 
resume to: Dr. Philip Lumb, Professor 
and Chairman, Albany 
Medical College, Department 
of Anesthesiology A-131, New 
Scotland Avenue, Albany, NY 
12208. 
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“Doctor, I need to know. Is there any way 
you can avoid giving me blood products?” 




















In plasma volume expansion 


YES! 
Hespan (l 


(hetastarch) 


Derived from corn, not blood...no risk of 
serum-transmitted diseases with HESPAN® 


HESPAN? is derived from a waxy starch consisting almost entirely 
of amylopectin.’ Consequently, there is no risk of serum-transmitted 
diseases, such as AIDS or hepatitis, with HESPAN®.2 Furthermore, 
HESPAN?® is as effective as albumin for plasma volume expansion.?° 





Flexible plastic bag won’t shatter 
and permits rapid pressurized infusion 


HESPAN?® is packaged in a lightweight plastic bag. The compact, 
unbreakable bag can be stored easily, retrieved quickly, and is 
designed for rapid setup and infusion. 


For more information about HESPAN®, please call 
1-800-527-2601. 


Please see brief summary of prescribing information on the following page. 
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References: 1. Hespan® Prescribing Information. 2. Waters LM, Christensen MA, 
Sato RM: Hetastarch: An alternative colloid in burn shock management. J Burn Care Rehabil 
1989;10:11-16. 3. Rackow EC, Falk JL, Fein IA, et al: Fluid resuscitation in circulatory shock: A 
comparison of the cardiorespiratory effects of albumin, hetastarch, and saline solutions in 
patients with hypovolemic and septic shock. Crit Care Med 1983;11:839-850. 





Hespan® (hetastarch) 


6% Hetastarch in 0.9% Sodium Chloride Injection 


Brief Summary of Prescribing information 

CONTRAINDICATIONS 

HESPAN is contraindicated in patients with known hypersensitivity to hydroxyethyl starch, or 
with bleeding disorders, or with congestive heart failure where volume overload is a potential 
problem. HESPAN should not be used in renal disease with oliguria or anuria not related to 
hypovolemia. 


WARNINGS 

Usage in Plasma Volume Expansion: Large volumes may alter the coagulation mecha- 
nism. Thus, administration of HESPAN may result in transient prolongation of prothrombin, 
partial thromboplastin and clotting times. With administration of large doses, the physician 
should also be alert to the possibility of transient prolongation of bleeding time. 


Hematocrit may be decreased and plasma proteins diluted excessively by administration of 
large volumes of HESPAN. Administration of packed red cells, platelets, and fresh frozen 
plasma should be considered if excessive dilution occurs. 


Use over extended periods: HESPAN has not been adequately evaluated to establish its safety 
in situations other than leukapheresis that require frequent use of colloidal solutions over 
extended periods. Certain conditions may affect the safe use of HESPAN on a chronic basis. 
For example, in patients with subarachnoid hemorrhage where HESPAN is used repeatedly 
over a period of days for the prevention of cerebral vasospasm, significant clinical bleeding may 
occur. 


Usage in leukapheresis: Slight declines in platelet counts and hemoglobin levels have been 
observed in donors undergoing repeated leukapheresis procedures using HESPAN due to the 
volume expanding effects of HESPAN and to the collection of platelets and erythrocytes. Hemo- 
globin levels usually return to normal within 24 hours. Hemodilution by HESPAN and saline may 
also result in 24 hour declines of total protein, albumin, calcium and fibrinogen values. None of 
these decreases are to a degree recognized to be clinically significant risks to healthy donors. 


PRECAUTIONS 

General: Regular and frequent clinical evaluation and complete blood counts (CBC) are nec- 
essary for proper monitoring of HESPAN use during leukapheresis. If the frequency of 
leukapheresis is to exceed the guidelines for whole blood donation, you may wish to consider 
the following additional studies: total leukocyte and platelet counts, leukocyte differential count, 
hemoglobin and hematocrit, prothrombin time (PT), and partial thromboplastin time (PTT) tests. 


The possibility of circulatory overload should be kept in mind. Caution should be used when the 
risk of pulmonary edema and/or congestive heart failure is increased. Special care should be 
exercised in patients who have impaired renal clearance since this is the principal way in which 
hetastarch is eliminated. 


Indirect bilirubin levels of 8.3 mg/mL (normal 0.0-7.0 mg/mL) have been reported in 2 out of 20 
normal subjects who received multiple HESPAN infusions. Total bilirubin was within normal 
limits at all times; indirect bilirubin returned to normal by 96 hours following the final infusion. 
The significance, if any, of these elevations is not known; however, caution should be observed 
before administering HESPAN to patients with a history of liver disease. 


HESPAN has been reported to produce hypersensitivity reactions such as wheezing and urti- 
Caria. However, hetastarch has not been observed to stimulate antibody formation. If hypersen- 
Sitivity effects occur, they are readily controlled by discontinuation of the drug and, if necessary, 
administration of an antihistaminic agent. 


Elevated serum amylase levels may be observed temporarily following administration of 
HESPAN, although no association with pancreatitis has been demonstrated 


Carcinogenesis, mutagenesis, impairment of fertility: Long-term studies of animals 
have not been performed to evaluate the carcinogenic potential of hetastarch. 


Teratogenic Effects: Pregnancy Category C. Animal reproduction studies have not been 
conducted with HESPAN. It is also not known whether HESPAN can cause fetal harm when 
administered to a pregnant woman or can affect reproduction capacity. HESPAN should be 
given to a pregnant woman only if clearly needed. 


Nursing Mothers: \t is not known whether hetastarch is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when HESPAN is admin- 
istered to a nursing woman. 


Pediatric Use: The safety and effectiveness of HESPAN in children have not been estab- 
lished. 


ADVERSE REACTIONS 

The following have been reported: vomiting, fever, chills, pruritus, submaxillary and parotid 
glandular enlargement, mild influenza-like symptoms, headaches, muscle pains, peripheral 
edema of the lower extremities, anaphylactoid reactions (periorbital edema, urticaria, wheez- 
ing) bleeding due to hemodilution (see Warnings), and circulatory overload and pulmonary 
edema (see Precautions). 


DOSAGE AND ADMINISTRATION 

Dosage for Acute Use in Plasma Volume Expansion: HESPAN is administered by intra- 
venous infusion only. Total dosage and rate of infusion depend upon the amount of blood or 
plasma lost and the resultant hemoconcentration. In adults, the amount usually administered is 
500 to 1000 mL. Doses of more than 1500 mL per day for the typical 70 kg patient (approxi- 
mately 20 mL per kg of body weight) are usually not required, although higher doses have been 
reported in postoperative and trauma patients where severe blood loss has occurred. 
Dosage in Leukapheresis 

250 to 700 mL of HESPAN to which citrate anticoagulant has been added is typically adminis- 
tered by aseptic addition to the input line of the centrifugation apparatus at a ratio of 1:8 to 1:13 to 
venous whole blood. The HESPAN and citrate should be thoroughly mixed to assure effective 
anticoagulation of blood as it flows through the leukapheresis machine. 


Parenteral drug products should be inspected for particulate matter and discoloration prior to 
administration whenever solution and container permit. 


The safety and compatibility of other additives have not been established. 


HOW SUPPLIED 

Exposure of pharmaceutical products to heat should be minimized. Avoid excessive heat. Pro- 
tect from freezing. It is recommended that the product be stored at room temperature (25°C); 
however, brief exposure up to 40°C does not adversely affect the product. 


HESPAN is supplied sterile and nonpyrogenic in 500 mL intravenous plastic infusion containers 
(NDC 0056-0037-44) and 500 mL intravenous glass bottles (NDC 0056-0037-05). 

CAUTION 

Federal (USA) law prohibits dispensing without prescription. 
T 


Distributed by 
Du Pont Pharmaceuticals 
E.l. du Pont de Nemours & Co. 


Wilmington, Delaware 19898 
Revised: April, 1989 Gi) PONT 
H-24754 








IARS 


NEW OFFICE ADDRESS 


Effective October 1, 1990, the Interna- 
tional Anesthesia Research Society 
headquarters office in Cleveland 
moved to the following new address: 


International Anesthesia 
Research Society 

Suite 140, 2 Summit Park Drive 
Cleveland, Ohio 44131-2553 


NEW TELEPHONE NUMBER: 
(216) 642-1124 


All membership payments and corre- 
spondence regarding IARS member 
subscriptions, annual scientific meet- 
ing matters, the B.B. Sankey Anesthe- 
sia Advancement Award, etc., should 
be sent to the above address. 




















The American Board of Anesthesiol- 
ogy (ABA) will administer its fourth 
written examination in CRITICAL 
CARE MEDICINE at the Westin Ho- 
tel-O’Hare in Rosemont, Illinois on 
Friday, September 27, 1991. Diploma- 
tes of the ABA and other ABMS Mem- 
ber Boards who apply and are judged 
to be qualified by virtue of their addi- 
tional training or experience in Critical 
Care Medicine will be accepted for ex- 
amination. An application may be re- 
quested by writing to the Secretary, 
American Board of Anesthesiology, 
100 Constitution Plaza, Hartford, Con- 
necticut 06103-1721. The deadline for 
receipt of completed applications in 
the Board office is April 30, 1991. 
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Clinical Pharmacology of Nitrous Oxide: An Argument for Its 


Continued Use 


Edmond I. Eger II, MD, George H. Lampe, MD, Linda Z. Wauk, RN, 
Patricia Whitendale, RN, Michael K. Cahalan, Mp, and Judith H. Donegan, MD, PhD 


EGER EI II, LAMPE GH, WAUK LZ, WHITENDALE P, 
CAHALAN MK, DONEGAN JH. Clinical pharmacology of 
nitrous oxide: an argument for its continued use. Anesth 
Analg 1990;71:575-85. 


We tested the hypothesis that the administration of nitrous 
oxide (N,O) causes major (e.g., myocardial infarction, 
neuronal injury, hypoxemia, infection, death) or minor 
(e.g., nausea, vomiting, headache, earache) untoward ef- 
fects in patients requiring anesthesia for 1.5-4 h. Given the 
higher morbidity and mortality associated with aging, we 
also tested whether aging increased any untoward effect of 
NO. Finally, we investigated whether the substitution of 
NO for a fraction of the anesthesia supplied by isoflurane 
altered the latter's pharmacologic efects. We studied 270 
patients scheduled for elective total hip arthroplasty (n = 
100), carotid endarterectomy (n = 70), or transsphenoidal 
hypophysectomy (n = 100) who were randomly assigned 


Nitrous oxide (NO) possesses many of the attributes 
of the ideal anesthetic (1,2). Low solubility and the 
consequent kinetic benefits are complemented by a 
stability of respiration and circulation. It is an easily 
breathed, inexpensive gas that has a long history of 
apparently safe and effective use. It is our “gold 
standard” for analgesia produced with inhaled 
agents. 

However, NO is not the ideal anesthetic (3). It 
cannot be used effectively without decreasing the 
concentration of oxygen that may be delivered. Un- 
desirable kinetic properties may harmfully expand 
internal gas spaces. Such expansion may distend the 
intestine, impair operating conditions, and prolong 
hospitalization (4). Nitrous oxide can depress respi- 
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within each surgical group to receive isoflurane with or 
without 60% NO. Regardless of patient age, we found no 
difference in major or minor untoward outcomes between 
anesthetic groups, nor a trend to suggest that a larger data 
cohort would reveal a significant adverse effect of N,O. The 
addition of N,Q administration decreased the isoflurane 
requirement for clinical anesthesia but did not alter most of 
the clinical variables measured in practice, including blood 
pressure, heart rate, rate of recovery from anesthesia, 
development of postoperative pain, patient satisfaction with 
anesthesia, or duration of anesthesia or of hospitalization. 
Patients given N,O were no more likely to dream during 
anesthesia, remember events during anesthesia, or be fright- 
ened by those events. Our results support the continued use 
of N O to anesthetize patients for elective surgery. 


Key Words: ANESTHETICS, Gases—nitrous oxide. 


ration and circulation (3), particularly in patients with 
initially compromised function. It increases muscle 
tone, thereby increasing the dose requirement for 
muscle relaxants. It increases cerebral blood flow and 
intracranial pressure and, unlike other inhaled anes- 
thetics, does not protect the brain by decreasing 
cerebral oxygen consumption. Like oxygen, it sup- 
ports combustion. 

Finally, and most importantly, N2O has the capac- 
ity to produce permanent injury by inactivating the 
vitamin B,, component of the enzyme methionine 
synthase. Results from laboratory, epidemiologic, 
and anecdotal reports indicate that this action may 
produce noxious, perhaps toxic, effects (5,6). The 
prolonged use of N,O (i.e., for days) can cause 
aplastic anemia and death (7). Repeated exposures or 
abuse of N,O can cause neuronal degeneration (8). 
Prolonged inhalation of very small concentrations 
may injure the liver, kidney, brain, and peripheral 
nerves, and the fetus of a pregnant woman (9). Acute 
exposure of critically ill patients to NO may produce 
megaloblastic changes and death (10). 
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However, most of the available evidence does not 
apply to the ordinary patient undergoing anesthesia 
and surgery of moderate duration. Anecdotal reports 
of injury in this population are inadequate, given the 
ubiquitous use of this agent. Because its use is ubiq- 
uitous, no large comparison groups are available, and 
thus it is difficult to determine whether injury is 
independent of or due to the administration of N,O. 
The few prospective randomized studies comparing 
the effects of anesthesia with and without N,O are 
limited in scope, usually revealing no noxious effect 
(e.g., see Cahalan et al. [11]), or reported only minor 
changes (e.g., atrioventricular dissociation [12]). One 
exception is the recent report by Scheinin et al., who 
found that N,O administration prolonged hospital- 
ization in patients having bowel surgery (4). 

Finally, studies in volunteers suggest that the 
pharmacologies of N,O and other inhaled agents 
differ or that the addition of N,O alters the pharma- 
cology of other inhaled agents. Given alone to volun- 
teers at anesthetizing partial pressures, or in combi- 
nation with isoflurane, NO increases blood pressure 
and heart rate (13,14), effects that are not apparent in 
clinical practice. 

These considerations led us to an evaluation of the 
clinical pharmacology of N.O and a measurement of 
the incidence and type of adverse outcomes in surgi- 
cal patients exposed to clinically relevant concentra- 
tions for 1.5-4 h. The present report, and the seven 
reports that immediately follow, emerged from this 
evaluation. The present report focuses on the clinical 
perioperative effects of N,O and gives an overview of 
the influence of NO on morbidity and mortality. In 
part, this overview summarizes the detailed results 
presented in the subsequent reports. For example, 
these reports explore the potential of NO to produce 
untoward effects on myocardial, hepatic, pulmonary, 
and hematopoietic tissues; the present report sum- 
marizes these data and adds information on the 
potential of N,O to affect the brain adversely and to 
produce unwanted effects such as nausea. In addi- 
tion, we offer data on analgesia, awareness, recovery 
from anesthesia, and simple hemodynamic effects of 
N-O. 


Methods 


We studied 270 patients scheduled for elective total 
hip arthroplasty (n = 100), carotid endarterectomy 
(n = 70), or transsphenoidal hypophysectomy (n = 
100) after they consented to participate in our insti- 
tutionally approved study. All data collection, analy- 
sis, and patient interviews were performed by med- 
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ical personnel blinded to the anesthetic regimen. We 
collected preoperative historical data, including car- 
diorespiratory and neurologic disease status, hepatic 
and renal disease status, medication history, and 
smoking habits. Preoperatively, we asked all patients 
to report their experience of any of 18 common 
symptoms (Table 1) over the week preceding surgery 
and, postoperatively, to identify changes in symp- 
toms during the first 24 h, and at 48 and 72 h. 

All patients received isoflurane, thiopental, and 
vecuronium, but were randomly assigned to receive 
60% N,0/40% Oy (n = 133) or 100% O, (n = 137). The 
concentration of isoflurane was determined by the 
attending anesthesiologist. Patients having total hip 
replacement also received either a spinal (n = 92) or 
an epidural (n = 8) anesthetic. Fentanyl and edropho- 
nium/atropine were administered at the anesthesiol- 
Ogist’s discretion. 

After intubation, a heat-and-moisture exchanger 
(Humid-vent) was placed at the end of the endotra- 
cheal tube of all patients. Ventilation was controlled, 
and total gas flows of 5 L/min were maintained 
throughout surgery. Tidal volume was 10-15 mL/kg, 
and the respiratory rate was adjusted to maintain 
Perco, at approximately 30-35 mm Hg. Patients 
having carotid endarterectomy also were monitored 
with transesophageal echocardiography, continuous 
electrocardiography (Holter monitoring), and, in 
some cases, serial measurement of creatine ki- 
nase-MB levels. The data for the results from these 
measurements are reported in detail in a companion 
paper in this series (15). 

The operative period was divided into three inter- 
vals during which drug dosage and physiologic var- 
iables were measured: (a) induction to 10 min, (b) 
10-60 min, and (c) >60 min. Median dialed (deliv- 
ered) and end-tidal concentrations of isoflurane were 
recorded for these periods. Isoflurane, N,O, and 
PETCO, were measured by mass spectroscopy. 

Heart rate and systolic blood pressure values were 
recorded by nursing personnel during the 24 h pre- 
ceding surgery, and the lowest value for each was 
used as the baseline value for all but those patients 
having carotid endarterectomies, for whom we used 
the median values. These values were then measured 
at least every 5 min intraoperatively and every 15 min 
in the recovery room (using a Dynamap recorder) to 
determine their median, lowest, and highest values. 
Esophageal (operating) or axillary (recovery room) 
temperatures were recorded throughout anesthesia 
and the recovery period. We recorded the duration of 
anesthesia and hospitalization. 

We obtained a “pain score” at 15, 30, 60, and 90 
min after admission to the recovery room: 0 = patient 
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Table 1. Questionnaire: Symptoms and Signs Elicited Preoperatively and Postoperatively 
Preoperatively First 24 h Day 1 Day 2 Days 5-7 

Total numbers 

N-O 133 126 126 125 39 

No N2O 137 134 134 132 4] 
Cough 

NO 36 (27) 38 (30) 25 (20) 29 (23) 4 (10) 

No N,O 32 (23) 52 (39) 30 (22) 29 (22) 5 (12) 
Headache 

N,O 55 (41) 81 (60) 46 (36) 46 (37) 9 (23) 

No N,O 54 (39) 79 (63) 47 (35) 49 (37) 14 (34) 
Vomiting 

NO 7 (5) 58 (467 3 (2) 0 (0) 0 (0) 

No NO 4 (3) 46 (34) 5 (4) 4 (3) 0 (0) 
Constipation 

N,O 25 (19) 15 (12) 14 (11) 21 (17) 8 (21) 

No N,O 31 (23) 11 (8) 14 (10) 29 (22) 10 (24) 
Numbness or tingling 

N,O 30 (23) 29 (23) 24 (19) 25 (20) 11 (28) 

No N,O 27 (20) 32 (24) 24 (18) 29 (22) 16 (39) 
Chest pain (angina) 

NO 5 (4) 1 (1) 0 (0) 1 (1) 0 (0) 

No N,O 1 (1) 2 (2) 0 (0) 2 (2) 1 (2) 
Coughing up mucus 

2 23 (17) 41 (33) 20 (16) 36 (29) 6 (15) 

No N2O 21 (15) 43 (32) 23 (17) 31 (23) 4 (10) 
Trouble concentrating 

NO 29 (22) 34 (27) 23 (18) 26 (21) 9 (23) 

No N,O 28 (20) 46 (34) 36 (27) 24 (18) 8 (20) 
Weakness, lack of energy 

N,O 53 (40) 82 (65) 68 (54) 68 (54) 21 (54) 

No N,O 52 (38) 78 (58) 69 (51) 65 (49) 20 (49) 
Upset stomach, nausea 

NO 25 (19) 60 (48) 13 (10) 14 (11) 2 (5) 

No N,O 20 (15) 62 (46) 17 (13) 15 (11) 6 (15) 
Dizziness, feel faint 

NO 22 (17) 34 (27) 12 (10) 11 (9) 7 (18) 

No NO 23 (17) 33 (25) 14 (10) 14 (11) 8 (20) 
Drowsiness (day) 

2 55 (41) 100 (79) 81 (64) 67 (54) 19 (49) 

No NO 64 (47) 108 (81) 90 (67) 83 (63) 24 (59) 
Muscle pains, cramps 

NO 42 (32) 25 (20) 17 (13) 19 (15) 7 (18) 

No N,O 37 (27) 30 (22) 18 (13) 15 (11) 9 (22) 
Sore throat 

NO 13 (10) 62 (49) 51 (40) 42 (34) 4 (10) 

No N,O 18 (13) 60 (45) 55 (41) 42 (32) 3 (7) 
Unhappiness, sadness 

N,O 41 (31) 17 (13) 13 (10) 18 (14) 5 (13) 

No N2O 38 (28) 16 (12) 8 (6) 15 (11) 5 (12) 
Difficulty urinating 

N-O 6 (5) 47 (37) 34 (27) 23 (18) 2 (5) 

No N,O 5 (4) 47 (35) 32 (24) 20 (15) 1 (2) 
Earache 

NO 5 (4) 10 (8) 3 (2) 5 (4) 2 (5) 

No N,O 6 (4) 7 (5) 6 (4) 4 (3) 0 (0) 
Stuffy nose 

NO 29 (22) 69 (55) 66 (52) 55 (44) 10 (26)° 

No N2O 43 (31) 73 (54) 67 (50) 59 (45) 19 (46) 


NO, nitrous oxide. 


Values are expressed as the number of patients responding affirmatively; percentages are given in parentheses. 


"P = 0.059 compared with the no-N.O value (Fisher's exact test, two-tailed). 
’P = 0.066 compared with the no-N,O value (Fisher's exact test, two-tailed). 
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is unresponsive; 1 = patient reports no pain; 2 = little 
pain; 3 = a lot of pain; and 4 = unbearable pain. We 
simultaneously assessed the patient’s orientation to 
place. At 90 min, we asked each patient: “Did you 
dream during anesthesia?’ We recorded the time 
from the end of anesthesia to the first administration 
of narcotic, and the time spent in the recovery room. 

For the first 7 days after anesthesia, we recorded 
the highest oral temperature occurring in each 8-h 
shift. We obtained hematocrit and white blood cell 
values when surgeons obtained these data, and re- 
corded the highest and lowest postoperative white 
blood cell count and sampling date. On postoperative 
day 2, we asked all patients to rate their satisfaction 
with the anesthetic on a scale from 1 (completely 
satisfied) to 4 (completely dissatisfied), and to specify 
any memory of events during anesthesia, in particu- 
lar any frightening ones. 

We recorded the following data in all patients for 
postoperative days 0, 1, 2, and >2: hypoxemia (oxy- 
gen saturation <86%); suspected infection (tempera- 
ture >38°C for two consecutive 8-h shifts and a white 
blood cell count >13,000); bacteremia (a positive 
blood culture taken when infection was suspected); 
wound infection (determined by the surgeon in the 
setting of perie infection); and urinary tract 
infection (>10° colonies of organisms/mL) in the 
setting of suspected infection. We recorded the pres- 
ence of atelectasis, pneumonia, pulmonary edema, or 
pneumothorax in hypoxemic patients requiring a 
chest x-ray (reviewed by a radiologist to evaluate 
outcome). The evidence for pulmonary dysfunction is 
reported completely in a companion paper (16). We 
also sought evidence for myocardial infarction (new 
abnormalities in postoperative creatine kinase isoen- 
zymes or Q-wave development) in patients having 
carotid endarterectomies. In patients having total hip 
arthroplasties, we sought evidence for hepatic injury 
(increases in alanine aminotransferase to abnormal 
levels). Details of these studies are reported sepa- 
rately (15,17). We recorded the number of patients 
requiring reoperation within 24 h after their initial 
surgery, and the number of deaths in the hospital 
after surgery. 

Patients were interviewed preoperatively and 
postoperatively to evaluate untoward effects and 
neuropsychologic function. We interviewed all pa- 
tients by symptom questionnaire (Table 1) and re- 
quired all to take both forms (forward and backward) 
of the digit-span test. Each patient was asked to 
repeat numbers spoken by the interviewer. The num- 
bers were randomly sequenced in successively larger 
sets (e.g., “5,3,9” “2,7,6,1”). If a set was repeated 
incorrectly, a set of the same size containing different 
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numbers was used, and, if again incorrect, testing 
was ended. The largest set correctly repeated became 
the score. The backward form differed only in requir- 
ing patients to repeat the numbers in reverse order. 

For patients having carotid endarterectomies, we 
recorded cooperation during the preoperative and 
postoperative interviews, and an orientation score 
obtained by asking three questions: name, city in 
which hospitalized, and day of week. Correct replies 
gave a total score of 3 (1 per item). 

Evaluations of neurologic function were obtained 
in subsets of the patients having total hip replace- 
ments or carotid endarterectomies (patients enrolled 
after the study was about half completed; n = 71). We 
obtained the Glasgow Coma Score preoperatively 
and on postoperative days 1, 2, and 5, 6, or 7. 
Simultaneously, we examined these patients for pe- 
ripheral neuropathy affecting the ulnar, median, ra- 
dial, peroneal, and tibial nerves. Each nerve was 
tested for motor function and for perception of posi- 
tion, pinprick, and cold. Accordingly, the total.score 
(“yes” or “no” for the presence of function) bilater- 
ally for all nerves was 40. Patients having carotid 
endarterectomy also were tested for neurologic defi- 
cits (contralateral weakness or numbness; dysphasia 
or confusion; blurring of vision; and homonymous 
visual field loss). 

Data were analyzed using t-tests, Fisher’s exact 
test (two-tailed), and y* analyses to compare the 
results from the two anesthetic groups, and by re- 
gression analyses to define the effect of age and any 
interaction of aging and N,O. We also analyzed the 
data within each surgical group to assess whether 
one operation might predispose to changes that were 
obscured when data from all groups were combined. 

The pharmacologic, hemodynamic, and outcome 
variables examined in this study were chosen a priori 
as variables potentially affected by N,O use. We 
recognized the potential for type I (a) errors associ- 
ated with multiple comparisons, and established a 
priority scale for identifying selected variables and 
outcomes as secondary (of lesser importance) and 
therefore subject to more stringent statistical criteria 
for significant change. However, these criteria were 
not required because so few differences were found! 


Results 


Demographic factors (Table 2) and anesthetic man- 
agement (Table 3) did not differ between groups, 
except that patients anesthetized without NO were 
given higher concentrations of isoflurane. However, 
the total anesthetic dose, as defined by MAC multi- 
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Table 2. Patient Demographic (Preoperative) 
Characteristics 





NO No N-O 
n 133 137 
Age (yr) 54 + 18 54 + 17 
ASA I or II (%) 74.4 78.1 
Women (%) 58.7 60.6 
Weight (kg) 74.5 + 17.7 73.2 414.5 
Baseline ward systolic blood pressure 122 + 19 123 + 20 

(mm Hg) 

Low ward heart rate (beats/min) 71 + 10 68 + 11 
Cardiovascular disease (%) 52.6 60.6 
History of respiratory disease (%) 11.3 11.0 
Smokers (%) 26.3 21.2 
History of hepatic disease (%) 8.2 5.1 


NO, nitrous oxide. 
Values are expressed as a percentage or as the average + sp. 


Table 3. Variables Associated With Anesthesia 


N,O No N,O 
Premedication 
Triazolam (%) 50 49 
Morphine (%) 26 18 
Thiopental (mg) 389 + 183 428 + 208 
Fentanyl (ug) 228 +105 231 + 127 
Vecuronium (mg) 10.1 + 4.4 10.1+3.8 


Maintenance end-tidal isoflurane (%) 


10-60 min 0.54 + 0.28 0.70 + 0.35" 
>60 min 0.64 + 0.32 0.85 + 0.35% 


Lowest intraoperative 34.9+ 0.8 35.0 + 0.8 


temperature (°C) 


Duration of anesthesia (min) 178 + 50 178 + 54 


NO, nitrous oxide. 

Values are expressed as a percentage of patients with the indicated 
characteristic or as average + sD. 

“P < 0.0001. 


ples, clearly was greater in the group given N,O. 
That is, the fraction of isoflurane MAC was 0.2 (i.e., 
20%) higher in patients anesthetized without N,O, 
but the contribution of N O equaled 0.5-0.6 (50%- 
60%) of a MAC. 

Values for intraoperative and postoperative (recov- 
ery room) blood pressure and heart rate did not differ 
between groups (Table 4 and 5), with one exception: 
patients given N20 had a slightly lower systolic blood 
pressure (87 + 17 vs 90 + 16; mean + sp) for the 10-60 
min after the start of anesthesia. No trend suggested 
that intraoperative blood pressure might be higher in 
the patients given NO; all average blood pressures 
were numerically (if not statistically) lower if NO was 
used. Although intraoperative heart rate varied con- 
siderably within each group (note the standard devi- 
ation for rate in Table 4), the average rate was normal 
in both groups, with no suggestion that tachycardia 
was a frequent finding. Finally, the range of blood 
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Table 4. Hemodynamics During Anesthesia 
10-60 min 
NO? NoN,O N,0" 


>60 min 
No N,O* 


Systolic blood pressure 


(mm Hg) 

Highest 141 + 31 147 + 37 147 + 32 148 + 33 
Median 108 +19 114+ 24 115 +22 117 + 24 
Lowest 87 +17 9016 90417 91+ 20 

Heart rate (beats/min) 

Highest 82+16 85 +20 87+17 86+ 16 
Median 66 + 12 68+13 70+14 71+14 
Lowest 59 + 10 59411 59+12 60+13 


NO, nitrous oxide. 

Values are expressed as the average + sD. 

în = 133. 

Pn = 137. 

“P = 0.05 comparing NỌ and no-N,0 values. 


pressures and heart rates did not differ as a function 
of the presence or absence of NO. 

The duration of anesthesia did not differ between 
anesthetic groups (Table 3). The time from the end of 
anesthesia to extubation did not differ between anes- 
thetic groups, nor did the duration of stay in the 
recovery room. The duration of hospital stay did not 
differ between anesthetic groups. Comparing the 
values for these variables within each surgical sub- 
group revealed no significant differences (although 
times differed between subgroups). 

Administration of N,O did not contribute to post- 
operative analgesia, as reflected in the pain score 
(Table 6). Only patients recovering from total hip 
replacements received morphine postoperatively, 
with no difference in dose requirement between 
anesthetic groups. Orientation to place progressed 
equally rapidly in both grcups (Table 6). 

The incidence of remembered dreaming during 
anesthesia did not differ between anesthetic groups 
(Table 7). However, the incidence of remembered 
events during anesthesia (some frightening) ap- 
proached significance in patients not given N,O. The 
use of N,O clearly did not predispose to dreaming or 
remembrance, and the percentage of patients who 
remembered or dreamed was less in the patients 
given NO. Nearly 99% of patients in both groups 
were Satisfied with their anesthesia or had a few 
minor problems (Table 7). No difference was appar- 
ent between the two groups. 

The results of the symptom questionnaire for the 
N,O and no-N,O groups were surprising because we 
found no significant differences and only two cases 
approaching significance, despite the 90 comparisons 
made (Table 1). Similarly, we found fewer differences 
than might have been expected by chance when we 
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Table 5. Hemodynamics During Recovery 
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First hour Second hour >Second hour 
NO? No N,0° NLO No NO NO No NO 
Systolic blood pressure 
(mm Hg) 
Highest 142 + 26 143 + 27 137 + 21 139 + 22 139 + 25 138 + 21 
Median 130 + 23 130 + 24 129 + 20 130 + 20 129 + 19 130 + 20 
Lowest 118 + 21 118 + 22 122 + 20 122 + 20 119 + 20 121 + 20 
Heart rate (beats/min) 
Highest 90 + 16 87 + 15 82 + 15 8i + 15 84 + 14 82 + 15 
Median 81 + 14 79 +15 77 + 14 75 + 14 77 + 14 76 + 14 
Lowest 74 +13 72+ 14 72+ 13 70 + 14 72 + 14 71 + 14 
N,O, nitrous oxide. 
Values are expressed as the average + sp. 
îy = 133. 
by = 137. 
Table 6. Pain and Orientation Immediately After Anesthesia 
Time after admission to the recovery room 
15 min 30 min 60 min 90 min 
N,O No N,O NO No N,O NO No N-O N,O No NO 
Pain score? 
0 20 27 8 10 2 3 1 2 
1 43 42 34 40 22 34 14 23 
2 20 23 26 31 33 34 41 45 
3 10 7 23 16 37 20 36 23 
4 7 1 9 3 6 9 8 7 
Percent of patients 57 59 77 81 91 91 95 96 


oriented to place 


N-O, nitrous oxide. 
“Given as the percentage of patients at each score. 


Table 7. Awareness During Anesthesia, Satisfaction, and 
Duration of Hospitalization 


N,O No NO 


Dreaming during anesthesia 7 (5.3Y 12 (8.8) 
Remembering events during anesthesia 1 (0.8) 6 (4.5)? 
Fear at recall of these events 0 4 (3.0)° 
Complete satisfaction 102 (82) 104 (79) 
A few minor problems 20 (16) 26 (20) 
Some major problems 2 (1) 0 
Complete dissatisfaction 0 2 (1) 
Days of hospitalization 8.1450 7.84.4 


NO, nitrous oxide. 

“Data are given as number of patients with percentage in parentheses. 
*P = 0.067 as compared with the nitrous oxide group. 

€P = 0.053 as compared with the nitrous oxide group. 


made the same analysis within surgical groups using 
270 comparisons. For patients having carotid endar- 
terectomies, no significant (P < 0.05) differences were 
found. Of patients having total hip replacements, 


those given N,O had less trouble concentrating (21% 
[10/48] vs 41% [20/49]; P = 0.048) on postoperative 
day 1 but not on other days. The N,O group also was 
less sleepy during the day (77% [37/48] vs 92% [45/49]; 
P = 0.053). Among patients having transsphenoidal 
hypophysectomies, the N,O group had a signifi- 
cantly higher incidence of vomiting (70% [33/47] vs 
43% [22/51]; P = 0.008) and more frequently experi- 
enced nausea (68% [32/47] vs 51% [26/51]; P = 0.102) 
on the first postoperative day. However, these effects 
vanished by the end of the first day and did not 
reappear. The N,O group in this subset of patients 
also tended to have a higher incidence of sore throat 
(70% [33/47] vs 49% [25/51]; P = 0.041) during the first 
day but not during subsequent days. 

Table 1 provides the raw symptom data. These 
also were examined for changes from the preopera- 
tive values, but such comparisons yielded no addi- 
tional insights. The average number of new symp- 
toms in patients given N,O was 5.4 + 2.7 vs 5.3 + 2.7 
in patients not given N,O. Patients undergoing total 


CLINICAL PHARMACOLOGY OF NITROUS OXIDE 


hip replacement with NO had marginally fewer new 
symptoms (4.7 + 2.2 vs 5.6 + 2.8; P = 0.058). 

The incidence of peripheral neuropathy did not 
differ as a function of N,O. Decreased scores were 
not more frequent in patients given N,Q. On post- 
operative day 1, the incidence of decreased scores for 
patients given N,O was 29.7% (n = 37) vs 29.4% (n = 
34) for those not given N,O. On day 2, these values 
were 33.3% in both groups (n = 36 and 33, respec- 
tively), and on day 3, 16.0% (n = 25) and 18.2% (n = 
22). Decreased scores were matched by increased 
scores so that, on average, the absolute scores did not 
decrease in either group. Orientation to time, place, 
and person was complete for nearly all patients in 
both groups (one exception on day 2 for each group) 
within 1 day after anesthesia. The results for the 
Glasgow Coma Score did not differ between groups. 

Results of the preoperative digit-span test were the 
same for both anesthetic groups (11.2 + 1.9 vs 11.2 + 
2.1 for N.O versus no N,Q). Test scores decreased in 
both groups on the first (10.6 + 2.2 and 10.6 + 2.1) 
and second (10.8 + 2.1 and 11.0 + 2.3) postoperative 
days, but differences were not significant. By postop- 
erative days 5-7, the test value for the N,O group 
(11.1 + 2.2) had returned to the preoperative level, 
but that for the group not given N,O (12.1 + 2.2) had 
increased significantly (P < 0.05). However, one 
should take into account that by days 5-7 only 39 
patients given NO and 41 not given NO were 
available for testing, compared with almost all pa- 
tients on day 2. 

The incidence of untoward outcomes did not differ 
between the two anesthetic groups (Table 8). Hypox- 
emia was the most frequent outcome, followed by 
infections and reoperation. 

Average preoperative temperature (measured 
orally) was identical in both anesthetic groups (36.7 + 
0.4°C). Intraoperative temperatures did not differ 
among anesthetic groups at any time (Table 3). Max- 
imum postoperative temperatures also did not differ 
(37.9 + 0.7°C, N-O; and 37.8 + 0.6°C, no N,O). The 
highest (12,200 + 3700 vs 11,400 + 3400) and lowest 
(9900 + 4100 vs 9200 + 3500) white blood cell counts 
also did not differ between anesthetic groups. 

No interaction between aging and possible unto- 
ward effects of NO was found. For example, aging 
did not increase hypoxemia associated with adminis- 
tration of N,O. 


Discussion 


Despite theoretical, epidemiologic, and experimental 
evidence suggesting that NLO might have various 
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Table 8. Outcomes 
No 
NO N-O 
Item n(%) n(%) 
Hypoxemia 
Transsphenoidal hypophysectomy 0 1 (2.0) 
Total hip arthroplasty 21 (42) 16 (32) 
Carotid endarterectomy 7 (21) 4(13) 
Total 28 (21) 21 (15) 
Atelectasis 
Total hip arthroplasty 2 (4.0) 3 (6.0) 
Total 2 (1.5) 3 (2.2) 
Pneumothorax 
Total 0 0 
Pulmonary edema 
Carotid endarterectomy 0 1 (2.8) 
Total 0 1 (0.7) 
Pneumonia 
Total hip arthroplasty 0 1 (2.0) 
Total 0 1 (0.7) 


Suspected infection 
Transsphenoidal hypophysectomy 


Total hip arthroplasty 6 (12) 2 (4.0) 

Total 7 (5.3) 5 (3.6) 
Bacteremia 

Total 0 0 
Wound infection 

Transsphenoidal hypophysectomy 1 (2.0) 0 

Total hip arthroplasty 2 (4.0) 0 

Total 3 (2.3) 0 
Urinary tract infection 

Total hip arthroplasty 1 (2.0) 3 (6.0) 

Carotid endarterectomy 0 1 (2.8) 

Total 1 (0.8) 4 (2.9) 
Reoperation 

Transsphenoidal hypophysectomy 1 (2.0) 1 (2.0) 

Total hip arthroplasty 1 (2.0) 2 (4.0) 

Carotid endarterectomy 4(12) 3 (8.3) 

Total 6 (4.5) 6 (4.4) 
Hepatic injury 

Total hip arthroplasty 3 (6.1) 2 (4.1) 
Myocardial infarction 

Carotid endarterectomy 1 (7.1) 3(19) 
Death 

Carotid endarterectomy 1 (2.9) 0 

Total 1 (0.8) 0 
Any untoward outcome, including hypoxemia’ 

Transsphenoidal hypophysectomy 3 (6.1) 5 (9.8) 

Total hip arthroplasty 26 (52) 22 (44) 

Carotid endarterectomy 9 (26) 11 (31) 

Total i 38 (29) 38 (28) 
Any untoward outcome, excluding hypoxemia’ 

Transsphenoidal hypophysectomy 3 (6.1) 4 (7.8) 

Total hip arthroplasty 11 (22) 12 (24) 

Carotid endarterectomy 4(12) 8 (22) 

Total 18 (14) 24 (18) 


N-O, nitrous oxide. 


When neither group hac positive findings for a given variable, no data 


are given (e.g., no patient having transsphenoidal hypophysectomies who 
were given or not given nitrous oxide had evidence of atelectasis). Data for 
hepatic injury and myocardial infarction are given only for patients having 
total hip arthroplasties and carotid endarterectomies (respectively) because 
those were the only groups examined <or these variables. 

“For the last two sets of tabulations, the first number is the number of 
patients who showed any outcome. Because a given patient may have had 
more than one outcome but would be counted only once, the total may be 
less than the sum of the preceding values. The number in parentheses is the 
percentage of the total available for thet measurement. 
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undesirable effects, we were unable to demonstrate 
such effects in this study or in parallel studies of 
pulmonary (16), myocardial (15), hepatic (17), or 
hematopoietic (18,19) function. The absence of harm- 
ful effects is particularly reassuring because we stud- 
ied patients potentially vulnerable to injury from 
NO, including older patients (20), those undergoing 
significant surgical trauma (total hip arthroplasty), 
and those having significant circulatory disease (ca- 
rotid endarterectomy). 

Additionally, the data fail to suggest a trend that 
might have become significant in a larger population. 
Some of the data in Table 8 may suggest an exception; 
that is, the average incidence of suspected infection 
or wound infection was greater (but not significantly 
so) in patients given N,O. However, in a parallel 
study of a small group (n = 26) of patients randomly 
assigned to anesthesia with and without N,O for 
resection of acoustic neuromas, we found the inci- 
dence of suspected infection to be greater in those not 
given NO (7/13 vs 3/13 given N.O) (21). As in the 
present study, this difference was not significant; 
moreover, combining the data for suspected infection 
from both studies yields no trend. 

The preceding results support the continuing use 
of NO for the typical surgical patient. None of our 
results indicate that inactivation of methionine syn- 
thase injures such a patient. However, our findings 
do not exclude that inactivation by NO may ad- 
versely affect critically ill patients (10) or those defi- 
cient in vitamin By, (22). Nor do they preclude that 
N20 might increase the incidence of late-developing 
adverse outcomes. However, several of our patients 
remained hospitalized for 1-2 wk (especially those 
having hip operations), and no delayed outcomes 
were noted. Similarly, our findings do not rule out 
untoward effects of some of the known attributes of 
N20. The one death in our series was that of a patient 
who had a stroke after carotid endarterectomy under 
N-O anesthesia. Were there air emboli enlarged by 
N,O (23)? Results from other large, prospective, 
randomized studies also suggest that administration 
of N,O does not increase mortality. For example, 
mortality was not different in 279 patients given N20 


plus narcotic compared with 259 patients given sub-: 


arachnoid tetracaine or bupivicaine (5.9% compared 
with 6.6%, respectively) in elderly patients undergo- 
ing surgery for treatment of hip fracture (24). 

We have suggested that the absence of even a 
trend indicating an untoward effect of N,O indicates 
that N,O produces no harm, or at least none greater 
than that produced by isoflurane alone. However, 
the absence of an untoward effect in a series of nearly 
300 patients, only half of whom received the test 
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agent (N20), does not rule out the possibility of an 
untoward effect. If one assumes that no untoward 
effect was found in 150 patients given N,O, this only 
rules out (P < 0.05) the possibility of a long-run risk 
of an untoward effect exceeding a 2% rate (25). To 
reduce this possibility to 0.1% would require that we 
find no untoward effect in 3000 patients (i.e., 6000 
total patients). Perhaps a future, larger, study will 
provide us with such statistics. 

Several of the pharmacologic findings in the 
present study merit comment. As would be expected, 
the use of N.O decreased the administered concen- 
tration of isoflurane (Table 3). However, the decrease 
was not as great as might be expected from the 
contribution of NO to MAC. That we observed no 
consistent difference between groups in blood pres- 
sure or heart rate (Table 4) suggests that the anesthe- 
tizing concentration of isoflurane chosen by each 
anesthes:ologist was selected, in part, to maintain a 
“safe” circulatory state that did not compromise 
blood pressure. Our results in patients are thus 
consistent with those obtained in volunteers where a 
given MAC-multiple was associated with a higher 
blood pressure when N,O was used with a potent 
agent (12,14). Although N,O has an analgesic effect 
that might be predicted to attenuate the cardiovascu- 
lar response to surgical stimulation, this quality nei- 
ther lowered blood pressure or heart rate nor limited 
the range (i.e., the lability) in these variables (Table 
4). 
Despite the lower blood solubility of NO, patients 
given this agent did not awaken more rapidly (Table 
6). This result may be attributed to the similar isoflu- 
rane concentrations used in both groups (Table 3). 

Our patients given N,O had a lower (not signifi- 


cant) incidence of dreaming or memory of events 


during anesthesia (Table 7). End-tidal isoflurane con- 
centrations were probably not a factor because they 
were similar for patients who did and did not dream 
or remember. Similarly, end-tidal concentrations of 
isoflurane with and without N,O did not differ be- 
tween dreamers and nondreamers. However, the 
four patients who were frightened (none given N,O) 
had lower dialed and end-tidal isoflurane concentra- 
tions for the 10-60-min and >60-min periods after the 
start of anesthesia. For example, the median dialed 
concentration for the 10-60-min period after the start 
of anesthesia was 0.62% + 0.25% vs 1.14% + 0.55% 
for the patients who were not frightened (P < 0.02), 
and end-tidal concentrations were 0.52% + 0.29% vs 
0.73% + 0.34% (P = 0.26), respectively, After 60 min 
of anesthesia, the dialed concentrations were 0.75% 
+ 0.29% vs 1.19% + 0.52% (P < 0.05), with respective 
end-tidal concentrations of 0.58% + 0.28% vs 0.87% 
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+ 0.34% (P = 0.09). The end-tidal values for the 
frightened patients are about 0.5 MAC, values ap- 
proaching MAC-awake (26). Perhaps values of 0.75 
MAC are needed to abolish fearful memories (or 
inadequate effect) of anesthesia. 

Other reports advise that remembrance under an- 
esthesia (evoked by suggestion of an action while 
under anesthesia) is independent of anesthetic con- 
centration (27) and can occur at deep levels of anes- 
thesia (28). However, examination of the methods in 
these reports suggests that another interpretation 
may be possible. In Bennett’s study, most of the 11 
patients who responded to hypnotic suggestion un- 
der anesthesia (27) were, in fact, lightly anesthetized. 
The exact level of anesthesia cannot be calculated 
because no end-tidal concentrations were measured 
nor were flow rates given. We have estimated (rough- 
ly) the likely highest end-tidal concentrations (assum- 
ing normal ventilation and no rebreathing), and for 
10 of the 11 patients we have calculated a combined 
(N2O plus potent inhaled agent) MAC of 0.75 + 0.17. 
The 11th patient had a calculated combined MAC of 
1.65. Similarly, Levinson (28) believed that the elec- 
troencephalographic tracings from his patients indi- 
cated a level of “very deep (ether) anaesthesia.” In 
fact, the tracings showed slow frequency-high volt- 
age activity that changed to lower voltage and higher 
frequency with stimulation, characteristics consistent 
with a light level of anesthesia. Clark and Rosner (29) 
found that visual or noxious stimuli caused changes 
in the electroencephalogram only at isoflurane con- 
centrations lower than 40% of MAC. Similarly, high 
voltage-slow frequency electroencephalographic trac- 
ings occur at blood isoflurane concentrations equiva- 
lent to 0.4-1.1 MAC (30). Higher concentrations usu- 
ally result in burst suppression. Further studies are 
needed to define the exact MAC levels preventing 
remembrance of frightening events; lacking such 
studies, it may be prudent to consider that 0.8-1 
MAC may be needed. 

Despite the increase in muscle tone produced by 
NO administration (31), the use of this agent was not 
associated with greater doses of vecuronium (Table 
3). However, this finding may not be a fair indication 
of the need for relaxant because the surgical demand 
for relaxation was limited. 

Although NO provides analgesia, we found no 
residual analgesia after anesthesia with this agent 
(Table 6). In fact, patients given N,O had a greater 
incidence of higher pain scores (3 or 4) at each 
measurement, the difference reaching significance (P 
< 0.05) 30 min after anesthesia. However, the greater 
presence of pain did not increase blood pressure or 
heart rate (Table 5). Nitrous oxide is thought to exert 
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its analgesic effect by a mechanism common to that of 
narcotics (32). Is the greater postoperative pain felt by 
patients given N,O the result of a process that paral- 
lels tolerance to narcotics? An alternative explanation 
might be that the elimination of N,O is more rapid 
than the elimination of isoflurane, and higher isoflu- 
rane concentrations were given to patients anesthe- 
tized without NO, which resulted in more pro- 
longed analgesia. This explanation seems unlikely, 
because a more rapid rate of recovery is not evident in 
the time to orientation (Table 6). ) 

We had anticipated that the responses to the 18 
questions asked preoperatively and postoperatively 
might reveal several differences in symptoms be- 
tween the anesthetic groups (Table 1). An increase in 
the incidence of coughing, sputum production, or 
sore throat might have been predicted from the 
expansion of the endotracheal tube cuff by NO with 
subsequent trauma to the larynx and trachea. No 
trend suggested such an effect except, perhaps, the 
greater incidence of sore throats among patients 
given NO for transsphenoidal hypophysectomies. 
Similarly, the expansion of internal gas spaces might 
have increased (but did not increase) the incidence of 
headache (sinusitis), stuffy nose (sinusitis), or ear- 
ache. 

Numbness and tingling is a nonspecific neurologic 
finding associated with occupational exposure to 
N20 (9), but was not a finding in our study. We also 
found no objective evidence of neurologic injury 
associated with the use of NO. These findings sug- 
gest that exposure to NO for a single surgical proce- 
dure lasting 10 h does not produce neurologic injury. 
Such a result is not in conflict with previous studies 
demonstrating injury from use of N,O, where injury 
was produced by longer (chronic) often repeated 
administration, i.e., abuse, of N,O (7,8). 

Our findings are similar to those of Scheinin et al. 
in that the use of N,O decreased the concentration of 
isoflurane required to provide adequate anesthesia 
(4). Both Scheinin et al. and Guiffre and Gross (33) 
found that the use of N,O increased intestinal disten- 
tion in patients having abdominal surgery. Scheinin 
et al. further reported that N,O was associated with a 
delay in return of bowel function and a prolongation 
of hospitalization, whereas neither we nor Guiffre 
and Gross found a delay or prolongation. In addition 
to the use of air in their control group, Scheinin et al. 
applied a “bowel washout” for 2 days before opera- 
tion, their patients were given a liquid diet for the day 
before operation, and 200 mL of air was deliberately 
injected into the stomachs of their patients during 
surgery. Each of these factors may have increased the 
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volume of intestinal air and thus enhanced the abso- 
lute expansion of volume produced by N2O. 

Whether NO causes vomiting is controversial 
(4,33-38). We found a greater incidence of vomiting 
in patients having transsphenoidal hypophysecto- 
mies soon (but not late) after anesthesia that included 
NO. If NO caused the greater incidence, the ab- 
sence of this effect in our patients given NO might be 
related to the relative youth of those having trans- 
sphenoidal hypophysectomies; their average age was 
39 + 14 yr for those given N,O and 42 + 15 yr for 
those not given N,O. 

In summary, we found that the addition of NO to 
isoflurane for maintenance of anesthesia only subtly, 
if at all, altered the course of anesthesia and the 
development of untoward outcomes. The use of N,O 
may have diminished the risk of remembrance and 
fear during anesthesia. In some patients, its use may 
have increased the incidence of vomiting and sore 
throat. Our findings do not indicate that the use of 
NO is dangerous in a typical patient having elective 


surgery. 


We gratefully acknowledge the assistance with study design and 
statistical analysis provided by Dr. David Heilbron and Mark 
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Ehrenberg. 
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Effect on Outcome of Prolonged Exposure of Patients to 


Nitrous Oxide 


George H. Lampe, MD, Linda Z. Wauk, RN, Judith H. Donegan, MD, PhD, 
Lawrence H. Pitts, MD, Robert K. Jackler, MD, Lawrence L. Litt, PhD, MD, 


Ira J. Rampil, MD, and Edmond I. Eger I, Mp 


LAMPE GH, WAUK LZ, DONEGAN JH, PITTS LH, 
JACKLER RK, LITT LL, RAMPIL IJ, EGER EI II. Effect on 
outcome of prolonged exposure of patients to nitrous 
oxide. Anesth Analg 1990;71:586-90. 


Prolanged (several days or repeated) exposure to nitrous 
oxide (N,O) can cause injury or death. To assess whether 
relatively prolonged anesthesia with N,O in normal pa- 
tients might similarly cause untoward effects, we investi- 
gated whether the addition of NO to isoflurane anesthesia 
caused injury to patients having surgical resection of 
acoustic neuroma lasting approximately 10 h. Twenty-six 
patients undergoing surgical resection of acoustic neuroma 
were randomly assigned to a regimen that included or 
excluded N,O (50%-60%) during isoflurane anesthesia 


Prolonged exposure to’ nitrous oxide (N,O) may 
cause aplastic anemia and death (1). The proposed 
mechanism of such toxicity is inactivation of methio- 
nine synthase, an enzyme important to the synthesis 
of DNA, and methionine, an essential amino acid. In 
humans, exposure to 50%-70% N,.O for 3 h decreases 
hepatic methionine synthase activity by 75% (2,3). 
However, we have been unable to demonstrate that 
short-term (2-4 h) exposure to NO increases unto- 
ward clinical outcomes or decreases patient satisfac- 
tion with the anesthetic experience (4). We undertook 
the present study to assess whether a longer period 
of exposure (approximately 10 h) might increase the 
incidence of untoward events postoperatively. Such 
an exposure substantially exceeds that imposed on all 
but a few patients. If N O causes untoward effects in 
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plus intravenous adjuvants. On average, slightiy iess 
isoflurane (0.24%) was used during anesthesia with NO. 
We measured standard clinical variables (blood pressure, 
heart rate), oxygen saturation, neurologic status, pain, and 
the incidence and type of morbid outcomes. Exposure to 
NO did not increase the incidence of morbid outcomes 
(including hepatic injury, infection, or hypoxemia), pro- 
long hospitalization, or increase common postoperative 
complaints such as nausea, vomiting, coughing, or head- 
ache. Patients anesthetized with either regimen were 
equally satisfied with their anesthetic. 


Key Words: ANESTHETICS, Gasxes—nitrous oxide. 
ANESTHESIA, pURATION-—nitrous oxide; outcome. 


normal patients, we anticipated that this prolonged 
exposure would reveal such effects. 


Materials and Methods 


Twenty-six patients presenting for elective resection 
of acoustic neuroma consented to participate in our 
institutionally approved study. Premedication (triaz- 
olam, and/or morphine, or none) and intraoperative 
fentanyl and edrophonium/atropine were adminis- 
tered at the discretion of the anesthesiologist. All 
patients received isoflurane, thiopental, and vecuro- 
nium, but were randomly assigned to an anesthetic 
regimen including either 50%-60% N,O/30%-40% 
oxygen (O,) (n = 13) or 100% O, (n = 13). After 
intubation, a heat-and-moisture exchanger (Humid- 
vent) was placed at the outside end of the endotra- 
cheal tube in all patients. Inhaled isoflurane concen- 
trations were adjusted to maintain clinically 
acceptable levels of anesthesia as determined by the 
attending anesthesiologist. Ventilation was con- 
trolled, and total gas flows of 5 L/min were main- 
tained throughout surgery. Tidal volume was 10-15 
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mL/kg, and the respiratory rate was adjusted to 
maintain Paco, at approximately 30-35 mm Hg. 
Pulse rate and systolic blood pressure values were 
measured at least every 5 min intraoperatively (using 
a Dynamap recorder) to determine their median, 
lowest, and highest values. Esophageal (operating) or 
axillary (recovery room) temperatures were recorded 
throughout anesthesia and the recovery period. We 
recorded the duration of anesthesia and hospitaliza- 
tion. The methods used to gather data were identical 
to those described more extensively in a companion 
paper (4). 

Using a recording pulse oximeter (Ohmeda Biox II, 
Ohmeda Instruments, Inc.), we measured oxygen 
saturation continuously for 24 h after initiation of 
anesthesia and made single determinations of satu- 
ration on postoperative days 2, 3, and 5, 6, or 7. The 
patients breathed room air postoperatively. We de- 
fined hypoxemia as a saturation of less than 86%, and 
recorded its duration during the first 24 postoperative 
hours. 

For the first 7 days after anesthesia, we recorded 
the highest oral temperature occurring in each 8-h 
period throughout the day and night. We recorded 
hematocrit and white blood cell counts when these 
data were ordered by surgeons, including the highest 
and lowest postoperative white blood cell counts and 
sampling times. 

We assessed the development of untoward peri- 
operative clinical events including hypoxemia (see 
above); atelectasis (radiographic evidence); pneu- 
mothorax (radiographic evidence); pulmonary edema 
(radiographic evidence); pneumonia (radiographic 
evidence and increased white blood cell count plus 
fever); suspected infection (oral temperature >38°C 
throughout two consecutive 8-h periods with an 
associated white blood count >13,000); bacteremia 
(positive blood culture); wound infection (as defined 
by the surgeon); urinary tract infection (by culture); 
reoperation; and death. Blood samples were drawn 
immediately before surgery and on postoperative 
days 1 and 3 to obtain blood for testing hepatic 
function (alanine aminotransferase [ALT], also 
known as SGPT; alkaline phosphatase; bilirubin). 

In the recovery room, we obtained a “pain score” 
at 15, 30, 60, and 90 min after admission to the 
recovery room: 0 = patient is unresponsive; 1 = 
patient reports no pain; 2 = little pain; 3 = a lot of 
pain; and 4 = unbearable pain. Simultaneously, we 
assessed the patient's orientation to place. At 90 min, 
we asked whether the patient remembered dreaming 
during anesthesia, or remembered events during 
anesthesia, or was frightened by such events. We 
recorded the time from the end of anesthesia to the 
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Table 1. Patient Demographic and Clinical Characteristics 


N-O No N,O 
H 13 13 
Age (yr) 49.7 + 10.8 47.6 + 10.2 
Sex (male) 10 8 
Weight (kg) 78.8 + 13.9 79.6 + 15.8 
smoking history 2 3 
ASA I or H 12 11 
ASA III 1 2 
Cardiovascular disease 1 4 
Respiratory disease 0 1 
Hepatic disease 2 0 
Alcohol abuse 0 0 


N2O, nitrous oxide. 
All values are expressed as the number or as mean + sp. 


first administration of narcotic (usually codeine, 
sometimes morphine), tota: dose of narcotic, and 
length of stay in the recovery room. 

We assessed neurologic status preoperatively and 
on postoperative days 1, 2, and 5, 6, or 7 using (a) the 
Glasgow Coma Score; (b) a 40-point scoring of pe- 
ripheral neuropathy (motor, pinprick, temperature, 
and proprioception in hands and feet); (c) orientation 
to time, place, and person; and (d) the digit-span test 
(forward and backward). 

Patients were asked a series of 20 questions (symp- 
tom checklist) preoperatively and on postoperative 
days 1, 2, and 5, 6, or 7 to determine the incidence of 
coughing, headache, nausea, vomiting, numbness or- 
tingling, confusion, and earache. On postoperative 
day 2 we also asked patients to rate. their satisfaction 
with the anesthetic. 

All data collection (including ‘patient interviews) 
and analyses were performed by individuals unaware 
of the patient’s anesthetic regimen. We calculated 
mean values and change and percent change from 
preoperative values, and we made comparisons us- 
ing Student's t-test, analysis of variance, Fisher's 
exact test, or y analysis. We accepted a value of P < 
0.05 as representing statistical significance. 


Results 


The two study groups did not differ demographically 
or clinically (Table 1). Aspects of anesthetic manage- 
ment that were similar in each group included drugs 
used for premedication, doses of fentanyl, thiopen- 
tal, and vecuronium, duration of anesthesia, median 
heart rate, and median and low systolic blood pres- 
sure during surgery (first 10 min, 10-60 min, 60 min 
to end) (Table 2). Nitrous oxide did not affect the 
lability of blood pressure and pulse rate (i.e., the 
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Table 2. Variables Associated With Anesthesia 


LAMPE ET AL. 
Table 3. Adverse Outcomes 
Outcome N,O NoN,O 
Any adverse outcome, excluding 4 (31) 7 (54) 
hypoxemia 
Any adverse outcome, including 4 (31) 8 (62) 
hypoxemia 
Hypoxemia 1 (8) 5 (38) 
Pneumonia 1 (8) 1 (8) 
Suspected infection 3 (23) 7 (54) 


N,O, nitrous oxide. 
Values are expressed as the number of patients; percentages are given in 
parentheses. 


Table 4. Perioperative Hepatic Function 


NO No N,O 

Premedication 

Triazolam (n) 2 0 

Morphine (1) 1 0 
Thiopental (mg) 500 + 220 470 + 170 
Fentanyl (ug) 1000 + 520 1450 + 910 
Vecuronium (mg) 13.5 £ 5.3 14.3 + 5.1 
Maintenance end-tidal isoflurane (%) 

10-60 min 0.53 + 0.29 0.58 + 0.24 

>60 min 0.85 + 0.15 1.09 + 0.28" 
Duration of anesthesia (h) 9.3 £ 2.4 9.9 + 3.8 
Median heart rate (beats/min) 

First 10 min 88 + 13 88 + 11 

10-60 min 86 + 12 83 + 13 

>60 min 88 + 13 85 + 15 
Median systolic blood pressure 

(mm Hg) 

First 10 min 117 + 14 124 + 18 

10-60 min 110 + 13 112 + 14 

>60 min 110 + 11 114 + 12 
Lowest systolic blood pressure 

First 10 min 96 + 16 105 + 19 

10-60 min 98 + 16 104 + 14 

>60 min 93 + 8 94 + 10 
Number with intraoperative O, 0 1 

saturation <86% 
Lowest operating room saturation 94.642.8 93.8 + 5.6 


NO, nitrous oxide; O2, oxygen. 
Values are expressed as number of patients, percentage, or mean + sD. 
“P = 0.013. 


difference between low and high values). Median 
blood pressure in the recovery room did not differ 
between groups. Similarly, the lowest temperatures 
in the operating and recovery rooms, and the total 
intraoperative blood loss, were nearly identical for 
the two groups. Patients anesthetized with N,O 
required less isoflurane to maintain anesthesia (Table 
2), but the difference was less than anticipated based 
on the MAC contribution provided by 50%-60% 
N-O. The intraoperative and postoperative incidence 
of O, saturation <86% did not differ between groups 
(Tables 2 and 3). There was no trend suggesting that 
the incidence would have been higher in patients 
given N.O had a greater number of patients been 
studied. 

The absolute and percent changes in ALT, biliru- 
bin, and alkaline phosphatase from preoperative to 
maximal postoperative values also did not differ 
significantly between groups (Table 4). Baseline val- 
ues were normal in all patients. In the group given 
N-O, ALT increased slightly (3.1 + 6.6 IU vs —1.6 + 
4.9 IU in the O, group; P = 0.05) on the first, but not 
the third, postoperative day. Bilirubin levels were 
significantly higher on the third postoperative day, 
but this change was not clinically significant. No 


NO No N,O 

ALT (IU) 

Preoperative 20 +7 26 + 12 

Postoperative day 1 228 25 210 

Postoperative day 3 24 + 10 26 + 12 

Maximum change 6.8 + 10.7 2.2 + 8.3 
Bilirubin (mg/dL) 

Preoperative 0.58 + 0.29 0.51 + 0.14 

Postoperative day 1 0.80 + 0.24 0.68 + 0.25 

Postoperative day 3 0.78 + 0.24 0.55 0.12” 

Maximum change 0.30 + 0.20 0.18 + 0.18 
Alkaline phosphatase (IU) 

Preoperative 87 + 103 E7 +23 

Postoperative day 1 76 + 94 60 + 21 

Postoperative day 3 84 + 83 66 + 30 

Maximum change —2.2 + 18.4 2.7 + 20.5 


ALT, alanine aminotransferase; N-O, nitrous oxide. 
Values are expressed as mean + sp. 
"P = 0.01. 


jaundice was observed, and the highest bilirubin 
value in the group given N,O was 1.3 mg/dL. 

Nitrous oxide did not increase the incidence of any 
adverse outcome (Table 3). In addition, no patient in 
either group had evidence of atelectasis, pneumotho- 
rax, pulmonary edema, bacteremia, wound infection, 
or urinary tract infection. No patient died, and none 
required reoperation. Most of the adverse outcomes 
occurred in the first 2 days after surgery. 

The analgesic effects of NO did not linger into the 
postoperative period, as indicated by the pain scores 
(Table 5). The doses of narcotic given postoperatively 
did not differ between the two anesthetic groups. 
Orientation to place, time, and person tended to 
progress more slowly (but not significantly so) in the 
group given only O, (Table 5). 

Postoperative symptoms or change from preoper- 
ative symptoms (as defined by responses to the 20 
questions in the symptom checklist) did not differ 
between anesthetic groups. Nitrous oxide did not 
increase the incidence of nausea or vomiting (9/13 in 
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Table 5. Recovery From Anesthesia 
Time after admission to the recovery room 
15 min 30 min 60 min 90 min 
NO O- N-O O- N-O O2 N,O O02 

Pain score* 

0 77 85 62 69 38 54 8 31 

1 0 15 8 23 8 15 15 23 

2 15 0 15 8 oi 15 46 23 

3 8 0 8 0 8 8 8 23 

4 0 0 8 0 15 8 23 0 
Percent of patients 23 8 23 23 62 31 77 38” 


oriented to place 


N,O, nitrous oxide; O2, oxygen. 


“Percentage of patients having a given pain score at the indicated times: 0 = unresponsive; 1 = no pain; 2 = little pain; 3 = a lot of pain; and 4 = unbearable 


ain. 
bP = 0.111 by Fisher's exact test (two-tailed). 


each group). Almost all patients developed a new 
headache, regardless of choice of anesthetic. Four 
patients in each group developed new numbness or 
tingling on one or more postoperative days. Fewer 
patients given N,O (four) felt faint or dizzy than did 
patients given O, (eight), but this difference was not 
statistically significant. Six patients in each group had 
trouble concentrating postoperatively. Three patients 
in each group developed a new earache (not attribut- 
able to surgery), and nine in each group developed a 
stuffy nose. Overall, 9.2 + 2.6 new symptoms per 
patient were reported in the group given N,O, and 
9.7 + 3.2 new symptoms per patient in the group 
given O,. Satisfaction with the choice of anesthetic 
did not differ: 11 patients in each group were com- 
pletely satisfied or had only minor complaints. 

No patient had any memory of events during 
anesthesia. Two patients given O, but none given 
N-O, remembered dreaming during anesthesia. 
None were frightened by the dreaming. During the 
first 10-60 and >60 min of anesthesia, these two 
patients had median end-tidal concentrations of iso- 
flurane of 0.6% and 1.1%, values not dissimilar to 
concentrations given their peers who received N,O 
(see Table 2). 

Alkaline phosphatase levels were normal through- 
out (Table 4). White blood cell counts increased in 
both groups, but there was no difference between 
groups (highest value for the group given N,O was 
17,500 + 5000 vs 18,800 + 7600 for the group given O, 
only). This finding may have been influenced by 
administration of corticosteroids (given to all pa- 
tients). Similarly, no difference was found for the 
lowest white blood cell count. The maximum postop- 
erative temperature was similar in both groups (38.2 
+ 0.4°C with NO and 38.4 + 0.4°C with QO,). 


The results for the Glasgow Coma Score did not 
differ between groups on any day, the average scores 
being identical (and entirely normal) for the groups 
on days 1 and 5-7, and differing (decreased by one 
point) for only one patient (O, group) on day 2. 
Peripheral neuropathy scores (decreases indicating 
the development of neuropathy) decreased in the 
group given no N,O, only O,. The score had de- 
creased by 0.41 + 0.79 on postoperative days 5-7 in 
the group given O,, but had increased by 0.20 + 0.42 
in the group given N,O plus O, (P = 0.04). Nitrous 
oxide did not impair orientation to place, time, and 
person except for a decrease in score by one point for 
one patient in each group on the first postoperative 
day. Digit-span recall did not differ between groups 
preoperatively (12.0 + 2.9 vs 11.0 + 1.6, N,O vs O,), 
on postoperative day 1 (10.3 + 1.6 vs 9.3 + 2.4), day 
2 (10.8 + 1.8 vs 9.6 + 2.2), or days 5-7 (11.2 + 1.5 vs 
10.0 + 2.9). Nitrous oxide did not prolong hospital- 
ization. Patients receiving N,O stayed 7.0 + 2.2 days, 
and those given only O, 8.6 + 3.2 days (P = 0.15). 


Discussion 


Our results do not confirm the hypothesis that pro- 
longed N,O administration might be injurious to 
surgical patients or increase the incidence of undesir- 
able symptoms such as nausea or vomiting. Clearly, 
chronic administration of NO can injure the brain, 
peripheral nerves, and bone marrow. However, our 
data from this and a previous study (4) indicate that a 
2-10-h exposure causes no such injuries (16 h was the 
longest exposure to N,O in the present study). We 
found no evidence of an increased incidence of injury 
to lung, liver, brain, or peripheral nerves. Sugges- 
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tions of changes attributable to NO included only a 
slight increase in serum levels of bilirubin. The group 
given only O, had a slightly (but not statistically 
significantly) greater incidence of peripheral neurop- 
athy, hypoxemia, and suspected infection. The ab- 
sence of even a trend indicating an adverse outcome 
associated with NO suggests that a larger data base 
would not provide different findings. Data acquired 
by us for operations of 2-4-h duration support this 
conclusion (4-9), but have less authority than the 
present study, which imposed a threefold greater 
exposure to N,O. Only rarely will a patient breathe 
N30 for a longer period than the patients described in 
the present report. 

Our data do not indicate the limit of safe exposure 
to NỌ in normal patients. Such a limit must exist, 
but may be measured in days rather than hours. A 
shorter exposure might adversely affect particular 
patients, such as those with preexisting deficiencies 
in vitamin B, or folate (10), but we have not studied 
these patients. | 

Lampert (11) suggested that N.O inactivation of 

methionine synthase might account for the multiple 
nerve palsies reported after prolonged administration 
of N,O to a diabetic patient (12). The authors of the 
original study disputed this possibility (13). One of 
our patients was diabetic and was given N,O. We 
found no adverse effect in this patient, but cannot 
extrapolate from our study population to predict the 
risk of prolonged N,O exposures in a diabetically 
~~ compromised patient. 
-= The discovery that prolonged exposure to N O 
inactivates methionine synthase and can thereby im- 
pair DNA synthesis has established a concern about 
the routine use of NO in anesthesia for elective 
surgery. Our results and those from companion stud- 
ies indicate that these concerns may be unwarranted. 
It appears that NO may be administered to normal 
patients for up to 10 h without toxic effects. 


ats 
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No Finding of Increased Myocardial Ischemia During or After 
Carotid Endarterectomy Under Anesthesia With Nitrous Oxide 


Steven V. Kozmary, MD, George H. Lampe, MD, David Benefiel, MD, 
Michael K. Cahalan, MD, Linda Z. Wauk, RN, Patricia Whitendale, RN, 
Nelson B. Schiller, MD, and Edmond I. Eger II, mp 


KOZMARY SV, LAMPE H, BENEFIEL D, CAHALAN 
MK, WAUK LZ, WHITENDALE P, SCHILLER NB, EGER 
EI H. No finding of increased myocardial ischemia during 
or after carotid endarterectomy under anesthesia with 
nitrous oxide. Anesth Analg 1990;71:591-6. 


Nitrous oxide (N,O). has been implicated as a cause of 
myocardial ischemia. We investigated whether substitution 
of N-O for a portion of the anesthesia supplied by isoflurane 
increased myocardial ischemia in patients at risk for such 
ischemia. Seventy patients having carotid endarterectomies 
(63 patients) or other carotid surgery (seven patients) were 
prospectively, randomly assigned to an anesthetic regimen 
that included or excluded N,O. Ali other aspects of anes- 
thetic management were similar, except for greater concen- 
trations of oxygen and isoflurane in patients not given 


Because of its perceived safety, nitrous oxide (NO) is 
widely used in patients who have myocardial isch- 
emia. However, several reports implicate N,O as a 
cause of such ischemia. In dogs with an imposed 
critical stenosis of the coronary artery, NO increases 
postsystolic shortening of the myocardium (1,2), a 
change that can be interpreted as an early indicator of 
myocardial ischemia. Nitrous oxide also increases 


postsystolic shortening in the isolated perfused dog. 


heart (3), depresses the rate of recovery of the 
“stunned” canine myocardium, and increases the 
risk of death from coronary artery occlusion in dogs 
(4). It causes epicardial coronary artery vasoconstric- 
tion in both dogs (5,6) and pigs (7). 

Only one clinical study of NO indicates that 
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N,O. Perioperative monitoring for myocardial ischemia and 
infarction included 12- or 5-lead electrocardiography, 
transesophageal echocardiography, and creatine kinase 
isoenzyme levels. By transesophageal echocardiographic or 
electrocardiographic criteria, 44% of patients given oxygen 
but only 21% of those given N O had myocardial ischemia 
intraoperatively (P = 0.065). Similarly, myocardial infarc- 
tion, identified by changes in crectine kinase isoenzymes, 
occurred in only one patient given NO but in three given 
oxygen (not significantly different). Thus we found no 
trend indicating a greater incidence of myocardial ischemia 
or infarction associated with the use of N,O. 


Key Words: ANESTHETICS, cases—nitrous oxide. 
HEART, MYOCARDIAL ISCHEMIA, MYOCARDIAL 
INFARCTION-—nitrous oxide. 


patients may manifest metabolic and electrocardio- 
graphic (ECG) evidence of myocardial ischemia (8). 
However, these findings were not statistically signif- 
icant, and the changes observed may have resulted 
from changes in hemodynamics (e.g., hypotension), 
rather than being a direct effect of NO. Accordingly, 
we investigated whether the use of 60% N,O with 
isoflurane and fentanyl increases the incidence of 
myocardial ischemia above that associated with iso- 
flurane and fentanyl alone. We chose to study the 
ischemic effects of N,O in patients undergoing ca- 
rotid endarterectomy (or operations on the carotid 
artery) because such patients have a high incidence of 
coronary artery disease, which makes them suscepti- 
ble to perioperative ischemia and infarction. The 
incidence of ischemic heart disease may be 40% in 
asymptomatic patients and 92% in patients with 
symptoms or abnormal ECGs indicative of myocar- 
dial ischemia (9-11). Additionally, carotid endarter- 
ectomy may be associated with labile hemodynamics 
that may predispose surgical patients to ischemia by 
altering myocardial work, myocardial perfusion pres- 
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sure, and heart rate (time available for myocardial 
perfusion). 


Methods 


Seventy patients scheduled for carotid endarterec- 
tomy or other surgery on the carotid artery consented 
to participate in our institutionally approved study. 
Sixty-three had a carotid endarterectomy. Seven had 
other -procedures: carotid-carotid bypass (one pa- 
tient); carotid aneurysm repair (two patients); and 
carotid dilatation (four patients). All patients received 
isoflurane, fentanyl (2-5 ug/kg), thiopental (2-5 mg/ 
kg), and vecuronium, but were randomly assigned to 
receive 60% N,O/40% oxygen (O.) (n = 34) or 100% 
O, (n = 36). Four patients who had contralateral 
carotid endarterectomies separated by at least 6 
wk were studied twice. The anesthetic for the first 
procedure was assigned randomly, and the alter- 
nate regimen was used for the second procedure. 
Premedication (triazolam, morphine, or none) and 
inhaled concentrations of isoflurane were determined 
by the attending anesthesiologist, and not by 
study protocol. Neuromuscular blockade was antag- 
onized with edrophonium and atropine before extu- 
bation. All patients were mechanically ventilated 
with tidal volumes of 10 mL/kg at a rate sufficient to 
produce an end-tidal carbon dioxide (CO,) of 30-35 
mm Hg. 

Previously prescribed cardiac and antihyperten- 
sive medications were given the morning of surgery. 
Routine perioperative monitoring for all patients in- 
cluded a 5-lead ECG and pulse oximeter, precordial 
or esophageal stethoscope, temperature sensor 
(esophageal), nerve stimulator, and mass spectrome- 
ter measurements. Insertion of a radial arterial cath- 
eter permitted transduction of blood pressure and 
acquisition of blood for blood/gas analyses. 

We monitored for myocardial ischemia using 12- 
lead ECG (Marquette MAC 1, Marquette Electronics, 
Milwaukee, Wis.) and transesophageal echocardiog- 
raphy (TEE). A baseline 12-lead ECG was obtained 
before anesthetic induction. After induction and 
intubation, a 9-mm_ gastroscope having a 3.5- or 
5.0-mHz ultrasound transducer (Diasonics, Milpitas, 
Calif., or Hewlett-Packard, Palo Alto, Calif.) con- 
nected to an ultrasonograph (Diasonics or Hewlett- 
Packard) was inserted through the mouth into the 
esophagus or stomach to produce a cross-sectional, 
short-axis view of the left ventricle at the midpapil- 
lary level. Images obtained were recorded on half- 
inch VHS videotape. 

Measurements were made preinduction (except 
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for TEE or anesthetic variables), 3 min after intuba- 
tion (postinduction), 3 min before carotid cross- 
clamping (preclamp), 3 min after carotid cross- 
clamping (postclamp), 3 min after removal of the 
carotid cross-clamp (postunclamp), and during skin 
closure. We also obtained ECG and TEE recordings 
when systolic blood pressure or heart rate changed 
30% from the baseline (ward) value for 3 or more 
minutes. We considered such changes indicative of a 
“hemodynamic event.” 

: Twelv2-lead ECGs were obtained on postoperative 
days 1, 2, and 3 and compared with the preoperative 
recording. Data from patients who had intraventric- 
ular conduction block or paced rhythm were ex- 
cluded from this analysis. We also measured creatine 
kinase enzyme (CKs) and isoenzyme (MB fraction) 
levels preoperatively and on postoperative days 1 
and 2 in approximately the last half of our patients 
(n = 34; 18 given N,O, 16 not given N,O). Finally, we 
interviewed patients preoperatively and on postop- 
erative days 1, 2, and 5 and asked if they had “chest 
pain or angina.” Patients were unaware of the anes- 
thetic group to which they were assigned. The at- 
tending anesthesiologist was not blinded to the pa- 
tient’s study group, had access to the 5- and 12-lead 
ECG and TEE data, but did not discuss the interpre- 
tation of these data with the research staff. 

Experts unaware of the choice of anesthetic ana- 
lyzed the data. Transesophageal echocardiographic 
data were analyzed for new segmental wall motion 
abnormalities, as described previously (12). Two ob- 
servers read the short-axis views of the left ventricle. 
The ventricle was divided into four quadrants, and 
the wall for each quadrant was graded as normal, 
mildly hvpokinetic, severely hypokinetic, akinetic, or 
dyskinetic. Myocardial ischemia was diagnosed if 
wall motion worsened by more than one grade with- 
out concurrent worsening of all walls. A third, senior 
echocardiographer (M.K.C.) arbitrated any grading 
discrepancy between the two observers. The 12-lead 
ECG data were read by two observers for changes in 
baseline of the ST segment 80 ms after the J point. 
Ischemia was defined as elevation or depression of 
the ST segment by 1 mm or more. 

Perioperative myocardial infarction was diagnosed 
by the development of Q waves on the ECG or by the 
finding of a total CK > 100 IU with >4% MB isoen- 
zyme present. 

Data for the groups were compared using un- 
paired S-udent’s t-test for parametric data and Fish- 
er's exact test (two-tailed) for counted data. We 
accepted P = 0.05 as significant. 
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Table 1. Patient Demographic and Clinical 
(Preoperative) Characteristics 


N,O No N-O 
n 34 36 
Age (yr) 65 +10 67 + 8 
ASA I or II (%) 26 33 
Women (%) 41 56 
Weight (kg) 74 + 13 72 + 14 
Baseline ward systolic blood 140 + 20 140 + 21 
pressure (mm Hg) 
Low ward pulse rate (beats/min) 68 + 10 67 + 12 
Hypertensive (%) 56 56 
History of myocardial infarct 0 6 
<1 yr (%) 
History of myocardial infarct 18 19 
>1 yr (%) 
No current angina (%) 85 94 
Medications 
Antihypertensives (%) 9 17 
B-Blockers (%) 15 19 
Calcium channel blockers (%) 12 14 
Nitrates (%) 9 11 
Diuretics (%) 26 39 
History of respiratory disease 21 19 
(%) 
Smokers (%) 24 31 


N-O, nitrous oxide. 
Values for age, weight, baseline ward systolic blood pressure, and low 
ward pulse rate are expressed as an average + sp. 


Results 


The two study groups were not significantly different 
demographically or clinically (Table 1), but some 
trends were suggested. Patients not given N,O on 
average were more likely to receive calcium channel 
blocking, diuretic, nitrate, and antihypertensive 
drugs preoperatively, suggesting that they may have 
had more severe cardiovascular disease. However, 
these differences were not statistically significant. 

Most aspects of anesthetic management were sim- 
ilar for the two groups, including the use of adjuvant 
agents for premedication and of thiopental, fentanyl, 
and vecuronium (Table 2). A higher concentration of 
isoflurane was given to the patients who did not 
receive N,O. Esophageal temperature and the dura- 
tion of anesthesia did not differ between the two 
groups. 

The intraoperative use of cardiovascular drugs also 
did not differ between groups: 75% of patients given 
N,O and 73.5% given O, received phenylephrine; 
25% versus 12.5% received B-blockers; 3.1% versus 
5.9% received nitroglycerin; and 3.1% versus 5.9% 
required atropine beyond the dose given with edro- 
phonium. 

The incidence of hemodynamic events (30% 
change from ward median systolic blood pressure or 
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Table 2. Variables Associated With Anesthesia 


N O No N,O 

n 34 36 
Premedication 

Triazolam (%) 24 17 

Morphine (%) 6 0 
Thiopental (mg) 290 = 170 350 + 200 
Fentanyl (ug) 180 = 180 150 + 100 
Vecuronium (mg) 13:6 127.5 
Maintenance end-tidal 

isoflurane (%) 

10-60 min 0:53 = 0.20 0.74 + 0.27" 

>60 min 0.60 = 0.23 0.83 + 0.287 
Lowest intraoperative 35.6 = 0.6 35.7 + 0.6 

temperature (°C) 
Duration of anesthesia 196 = 54 189 + 51 


(min) 


NO, nitrous oxide. 

Values are expressed as a percentage of the patients with the indicated 
characteristic or as an average + sD. 

“P < 0.001, compared with the N,O group. 


heart rate for at least 3 min) did not differ between 
groups either in sum or for individual hemodynamic 
events (Table 3). Twenty-one patients given N,O 
(61.8%) had at least one hemodynamic event, as did 
21 patients (58.3%) given O,. Similarly, hemody- 
namic events per patient equaled 1.44 + 1.60 in the 
NO group and 1.78 + 1.35 in the O, group. The large 
standard deviations indicate the wide variation in the 
number of hemodynamic events per patient and the 
skewed nature of these results. The median value for 
each anesthetic group was one hemodynamic event 
per patient. Of 110 (total) hemodynamic events 44 
were hypertension, 29 tachycardia, 10 both hyperten- 
sion and tachycardia, 19 hypotension, and 8 brady- 
cardia. 

Nine of 61 patients (2 of 28 given NO; 7 of 33 given 
O,) had ECG evidence of intraoperative ischemia (no 
significant difference). Evidence for ischemia was 
found primarily in leads V2, V4, and V5. Intraopera- 
tive 12-lead ECG data from nine patients were not 
evaluated for ischemia because of intraventricular 
conduction defect (five patients), paced rhythm (two 
patients), immediate reoperation (one patient), or lost 
data (one patient). 

The TEEs showed evidence of intraoperative isch- 
emia in 16 of 62 patients (eight patients with unread- 
able echocardiograms). Two of the patients having 
echocardiographic evidence of ischemia also had 
ECG evidence of ischemia. Of the 1804 TEE short-axis 
quadrant views, 195 were unreadable (10.8%). In the 
N,O group, 5 of 29 patients (17.2%) had at least one 
intraoperative ischemic episode, compared with 11 of 
33 patients (33.3%) in the O, group (not a statistically 
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Table 3. Numbers of Patients Having Specific Hemodynamic Events" 


N,O 


Median number 
of events per 


Event n patient 
Hypertension 12 1 
Hypotension 5 1 
Tachycardia Z 1 
Bradycardia 0 — 
Hypertension and 2 3 

tachycardia 
No event 13 — 
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O2 
Median number 

Number of events per Number 
ischemic n patient ischemic 

3 9 2 3 

2 6 2 4 

2 11 1 6 

— 3 2 1 

1 3 1 1 

1 15 — 6” 


For each anesthetic group, n is the total number of patients having a specific hemodynamic event. This is followed by the median number of events; the 
average is not given because of the skewed nature of the data. The third column for each anesthetic group is the number of patients who had ischemia by either 
electrocardiographic or transesophageal echocardiographic criteria and had the indicated hemodynamic event. Because a patient might have more than one 
event, the total numbers for all events exceed the total number of patients in the study. Similarly, ischemic events listed with a given event may not be 


associated with that event and may be counted more than once. 
"Defined as a change >30% from the ward value and lasting >3 min. 
PP = 0.12 compared with NO group, by Fisher’s two-tailed exact test. 


significant difference). No pattern was apparent 
during the time at which ischemia occurred. Hemo- 
dynamic events usually were not associated with 
ischemia as defined by TEE or ECG (Table 3). Trans- 
esophageal echocardiographic changes indicative of 
intraoperative ischemia usually occurred in patients 
(10 of 16, or 62.5%) who experienced a hemodynamic 
event, but this did not differ from the incidence of 
hemodynamic events in patients who had no TEE 
evidence of ischemia (32 of 54, or 59.3%). 

Postoperative CK isoenzyme levels in 4 of 34 
patients indicated postoperative myocardial infarc- 
tion. Three of the four were in the oxygen group. 
Two of the four patients also had postoperative ECG 
evidence of ischemia (ST elevation or depression); the 
remaining two patients had bundle branch blocks 
(one preexisting and one new) that precluded evalu- 
ation of ischemia. Two additional patients who had 
positive CK isoenzymes preoperatively had negative 
isoenzymes postoperatively. No patient ever dis- 
played Q waves on the ECG. 

Five patients (three given N,O) had postoperative 
ECG evidence of ischemia. Two additional patients 
(O, only) had new left bundle branch blocks. No 
patient responded affirmatively when asked (as all 
were) if they had “chest pain or angina” on postop- 
erative days 1, 2, and 5. 


Discussion 


We did not find that N,O causes myocardial ischemia 
or infarction in patients with coronary artery disease. 
However, our power to find a significant change was 
limited by the small size of our population. Of pa- 


tients in whom intraoperative ischemia could be 
assessed from the ECG, 15% (9/61) had evidence of 
ischemia. Given the average size of each group, N,O 
would have had to increase this to 45% (a 30% 
increase) to give a power of 0.8 in a one-tailed test for 
detection of a significant difference (P < 0.05) (13). 
Indeed, we did see a 15% difference between groups 
(2/28 for the group given N,O compared with 7/33 for 
the group not given N,O), but the change favored 
finding ischemia with the group not given NO. 
Similarly, of patients in whom intraoperative isch- 
emia could be assessed from TEE, 26% (16/62) had 
evidence of ischemia. Nitrous oxide would have had 
to have increased this to 58% (a 32% increase) to give 
a power of 0.8. We found a 16% difference (5/29 
compared with 11/33), but again the change favored 
finding ischemia with the group not given N,O. 
Finally, evidence of myocardial infarction (detined by 
CK changes) were found in 12% of patients (4/34). 
This would have to be increased to 52% (a 40% 
increase) to have a power of 0.8. We found a 13% 
difference (1/18 compared with 3/16), but again the 
change favored finding ischemia with the group not 
given NO. In summary, we found a trend suggest- 
ing that the use of N,O was associated with less 
intraoperative ischemia and a lower incidence of myo- 
cardial infarction but emphasize that these trends 
were not statistically significant and that we did not 
have the power to detect small differences between 
the effects of the two anesthetic regimens. 

In designing this study, we debated whether to 
use O, or O, plus N, as the background gas for the 
patients not receiving N,O. We selected O, because 
that is the usual choice of the clinician who decides 
not to apply N20. That is, we considered that the use 
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of O, increased the clinical relevance of our results. 
The substitution of N,O for some of the O, and 
isoflurane might have affected our results by altering 
hemodynamics. This would be the implication of 
results from studies in volunteers where substitution 
of N,O produced a greater arterial blood pressure, 
peripheral resistance, and cardiac output/oxygen con- 
sumption at a given MAC level (14,15). However, 
under the conditions of our study, the measurements 
we made of pulse rate and blood pressure did not 
show any meaningful difference between the patients 
who did and did not receive N,O (16). In part, this 
may have resulted from the imposition of surgical 
stimulation. In part, it may have resulted from the 
application of a slightly higher MAC level (but lower 
concentration of isoflurane) in the patients given 
NO. In any event, we have no evidence indicating 
that alterations in hemodynamics affected our results. 

Our results are consistent with those of two other 
studies in which patients undergoing coronary artery 
bypass graft surgery were anesthetized with fentanyl 
and given N O or nitrogen in a crossover design 
(17,18). The presence of myocardial ischemia was 
evaluated by both 12-lead ECG and TEE and did not 
occur more frequently in association with N,O. Our 
study strengthens the conclusions from these previ- 
ous studies in that our patients did not have the 
confounding effect of an operation upon the heart, 
and we studied patients throughout the operative 
experience. 

The conclusion that N,O does not adversely affect 
the patient with coronary artery disease is supported 
by results from studies in animals. In animal models 
in which critical stenosis of a coronary artery has been 
imposed but hemodynamics held constant, NO does 
not affect myocardial fiber shortening more than 
nitrogen (19), nor does it alter the duration of 
postsystolic shortening (20). These results probably 
differ from those from earlier studies suggesting an 
adverse effect of N,O (3) because the design of the 
earlier studies did not maintain sufficient stability of 
hemodynamics. 

Our results indicate that including N,O in anes- 
thesia for carotid artery surgery results in no more 
myocardial ischemia than replacing the N,O with O, 
and isoflurane. This suggests that N,O does not 
cause myocardial ischemia, but another possibility 
may exist. The use of N,O decreased the requirement 
for isoflurane, which also has been implicated as 
causing ischemia (21). Possibly, both agents cause 
ischemia and do so to the same extent. If so, substi- 
tution of one for the other might not change the 
incidence of ischemia. However, because recent epi- 
demiologic evidence does not implicate isoflurane as 
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more likely than other inhaled anesthetics or narcot- 
ics to cause myocardial ischemia (22,23), this expla- 
nation is unlikely. The evidence presently available 
does not indicate that NO puts patients with coro- 
nary artery disease at greater risk of myocardial 
ischemia or infarction than other general anesthetics. 


The editorial assistance of Winifred von Ehrenberg is gratefully 
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Postoperative Hypoxemia After Nonabdominal Surgery: 
A Frequent Event Not Caused by Nitrous Oxide 


George H. Lampe, MD, Linda Z. Wauk, RN, Patricia Whitendale, RN, Walter L. Way, MD, 
Steven V. Kozmary, MD, Judith H. Donegan, MD, PhD, and Edmond I. Eger II, Mp 


LAMPE GH, WAUK LZ, WHITENDALE P, WAY WL, 
KOZMARY SV, DONEGAN JH, EGER EI II. Postoperative 
hypoxemia after nonabdominal surgery: a frequent event 
not caused by nitrous oxide. Anesth Analg 1990;71:597— 
601. 


We tested whether anesthesia that includes nitrous oxide 
(N,O) results in the development of intraoperative and 
postoperative pulmonary complications, including hypox- 
emia. We also tested whether aging contributes to the 
development of such complications, particularly when an- 
esthesia includes N,O. We randomly allocated patients 
having total hip replacements, carotid endarterectomies, or 
transsphenoidal hypophysectomies (total n = 270) to an 
anesthetic regimen with and without N,O (stratified within 


Whether anesthesia that includes nitrous oxide (N,O) 
impairs perioperative pulmonary oxygenation ap- 
pears to be controversial. An untoward effect of NO 
is consistent with the rapid absorption of this gas 
from alveoli with obstructed airways (1,2). Gawley 
and Dundee found an association between adminis- 
tration of NO and impaired postoperative oxygenation 
(3). Although Webb and Nunn found no association 
(4), they did not study the effects of NO in a 
prospective, randomized fashion, and examined only 
its intraoperative effects relative to nitrogen (N3). 
We designed the current study to define the role of 
NO in the development of intraoperative and post- 
operative pulmonary dysfunction. Because such dys- 
function increases with age (5), we also examined 
whether aging alone, or in combination with NO, 
influenced the development of postoperative pulmo- 
nary dysfunction. A finding of an interaction would 
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surgical group). A heat-and-moisture exchanger was in- 
cluded in the anesthetic circuit of ail patients. Patients were 
monitored perioperatively and for 1 wk after surgery using 
intermittent and continuous pulse oximetry to determine 
oxyhemoglobin saturation. Intraoperatively, mean oxygen 
(O,) saturations were lower in patients given N.O, partic- 
ularly older patients. Hypoxemia (Q, saturation <86%) 
developed in five patients receiving N O and in one recetv- 
ing Q3. This difference was not significant. Administration 
of N,O did not decrease postoperative O, saturation, nor 
did it alter the incidence of postoperative hypoxemia, cough, 
or sputum production. 


Key Words: ANESTHETICS, Gases—nitrous oxide. 
OXYGEN, HyPpoxEMIA—postoperative. 


be consistent with the observations of Kitamura et al. 
(6), who found marked age-related changes in post- 
operative oxygenation in patients given N,O. 


Methods 


Two hundred seventy patients scheduled for elective 
total hip arthroplasty (n = 100), carotid endarterec- 
tomy (n = 70), or transsphenoidal hypophysectomy 
(n = 100) consented to participate in our institution- 
ally approved study. Preoperatively, we evaluated 
each patient for a history of respiratory disease, 
current medications, smoking, and complaints of 
cough or sputum. Patients were interviewed on the 
first postoperative day to collect new complaints of 
cough or sputum production. All patients received 
isoflurane, thiopental, and vecuronium, but were 
randomly assigned to receive 60% N,O/40% oxygen 
(O.) (n = 133) or 100% O, (n = 137). Blocks of 10 
patients within each surgical group were randomized 
to receive or not receive N,O. The randomization also 
was selected to assure an equal distribution within 
each block between patients given and not given 
N-O. The intraoperative use of fentanyl and edro- 
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phonium/atropine was controlled by the attending 
anesthesiologist, not by study protocol. In all pa- 
tients, after tracheal intubation, a heat-and-moisture 
exchanger (Humid-vent) was placed between the 
endotracheal tube and the anesthetic circuit. Ventila- 
tion was controlled, and total gas flows of 5 L/min 
were maintained throughout surgery. Tidal volume 
was 10-15 mL/kg, and the respiratory rate was ad- 
justed to maintain Paco, at approximately 30-35 mm 
Hg. Further details are supplied in our report describ- 
ing the clinical pharmacology of N,O (7). 

Patients were monitored using pulse oximetry 
(Ohmeda Biox IV) preoperatively, at 60 and 120 min 
postoperatively, and on postoperative days 1, 2, 3, 
and 5. Measurements were taken during the sixth 
minute after the patient had breathed room air for 
5 min. The lowest O, saturation value obtained 
during the sixth minute was recorded. 

Of the 270 patients, the 141 having a carotid 
endarterectomy or total hip replacement (70 with 
NO and 71 with O,) also were monitored using 
continuous pulse oximetry (Ohmeda Biox IJ) for a 
24-h period beginning just before induction of anes- 
thesia. Monitoring included hard-copy printout of 
heart rate and O, saturation. Values recorded in the 
141 patients included the incidence and duration of 
postoperative oxyhemoglobin saturations <90% and 
<86%, the lowest O, saturation value, and the dura- 
tion (number of consecutive minutes) of <86% satu- 
ration. Use of supplemental .O, administration was 
determined by physicians and nurses not involved in 
the study, and such treatments were recorded. We 
also obtained samples of arterial blood 1 and 2 h after 
completion of surgery for measurement of Paco,, 
Po, and pH (n = 148). 

All data collection, analysis, and patient interviews 
were performed by medical personnel blinded to the 
anesthetic regimen. The results from the two anes- 
thetic groups were analyzed using t-tests, Fisher’s 
exact test (two-tailed), ard x analyses. Regression 
analyses were applied to define the effect of age and 
any interaction of aging and N.O on postoperative 
pulmonary function. We considered changes to be 
statistically significant at a value of P < 0.05. 


Results 

The two study groups did not differ demographically 
or clinically (Table 1). Anesthetic management (Table 
2) differed only in the administration of more isoflu- 
rane to patients not given N,O. Oxyhemoglobin 
desaturation occurred during the course of surgery in 
one patient in each group; the patient given N,O 
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Table 1. Demographic and Clinical Characteristics 


N-O No N,O 

Age (yr) 54 + 18 54 + 17 
ASA I or II (%) 74.4 78.1 
Women (%) 58.7 60.6 
Weight (kg) 74.5 +17.7 73.2 14.5 
Smoker (%1 26.3 21.2 
Pack-year history” 20.6 + 29.9 16.5 + 25.3 
Cough (%) 27 23 
Sputum (%) 17 15 
History of respiratory disease (%) 11.3 11.0 
Bronchodilator therapy (%) 4.5 29 
Oxyhemoglobin saturation 

before: 

Carotid endarterectomy (%) 95 +2 96 + 

Hip arthroplasty (%) 96 + 2 96 + 2 

Transsphenoidal 96 + 90:2 

hypophysectomy (%) 
All patients (%) 96 Ł 2 96 + 2 


NO, nitrous oxide. 


Values are expressed as a percentage or as mean + sD. 


“This includes all patients, even those who did not smoke at any time. 


Table 2. Variables Associated With Anesthesia and 





Postoperative Care 


NO No NO 

Premedication 

Triazolam (%) 49.6 48.9 

Morphine (%) 26.3 . 78 
Fentanyl (ug) 228 + 154 231 £ 127 
End-tidal isoflurane 10-60 min 0.54 + 0.28 0.70 + 0.357 

(%) 
End-tidal isoflurane >6) min (%) 0.64 + 0.33 0.85 + 0.357 
Duration of anesthesia {min) 178 + 50 178 + 54 
Intraoperative bronchospasm (%) 1:5 0 
Morphine (mg) during first 37 £ 15 59 2 15 

postoperative 24 h (hip 

patients cnly) 
New postoperative cough (%) 31 38 
New postoperative sputum 34 36 


production (%) 


NO, nitrous oxide. 


"P < 0.0001 compared with the N,O group. 


required discontinuation of its use. Hypoxemia (O, 
saturation <86%) occurred intraoperatively in five 
patients giver. N.O and in only one receiving O, 
(Table 3). All hypoxemic episodes were transient (<2 
min); four (all in the group given N,O) occurred upon 
discontinuation of anesthesia after tracheal extuba- 
tion. 

Patients anesthetized with NO for hip replace- 
ment or carotid endarterectomy reached lower intra- 
operative O, saturations (93.3% + 2.8%; n = 73) than 
those given O, (96.0% + 5.2%; n = 73) (P = 0.002). 
The decrease in intraoperative saturation was great- 
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Table 3. Patients With Hypoxemia Within the First 24 h After Anesthesia 
NLO No NLO 

Patients with O, saturation <90% intraoperatively (%) 

Carotid’ 18.5 0 

Hip" 9.3 4.5 

Total 12.8 2.8 
Patients with O, saturation <90% postoperatively (%) 

Carotid? 48.1 44.4 

Hip“ 72.0 77.3 

Total 62.8 64.7 
Patients with O, saturation <86% intraoperatively (%) 

Carotid’ 7.4 0 

Hip? 7.0 2.3 

Total 7A 1.4 
Patients with O, saturation <86% postoperatively (%) 

Carotid” 14.8 7.4 

Hip 27.9 2I a2 

Total 22.8 19.7 
Consecutive minutes per patient of intraoperative Q, saturation <86%* 

Carotid” 0.07 + 0.27 0 

Hip“ 0.09 + 0.37 0.02 + 0.15 

Total 0.09 + 0.33 0.01 + 0.12 
Consecutive minutes per patient of O, saturation <86%, in the recovery room 

Carotid’ 0.19 + 0.48 0.04 + 0.19 

Hip“ 0.17 + 0.39 0.12 + 0.63 

Total 0.14 + 0.42 0.09 + 0.50 
Consecutive minutes of O, saturation <86%, after leaving recovery room 

Carotid? 0 0 

Hip“ 4 +17 5 + 20 

Total 3414 4+17 
Low intraoperative O, saturation (%)° 

Carotid © 92 +7 96 + 24 

Hip 94+ 4 96 + 3° 

Total 9345 % £ F 
Low O, saturation (%) in recovery room 

Carotid 89 +1 90 + 3 

Hip 90 + 4 90 £3 

Total 90 + 4 9 3 
Low O, saturation (%) after leaving recovery room 

Carotid 90 + 2 91 + 3 

Hip 88 + 4 86 +7 

Total 88 + 4 88 + 7 
Patients given O, after leaving recovery room (%) 

Carotid 100 94.7 

Hip 23.3 18.2 

Total 45.0 41.3 


N,O, nitrous oxide; O, oxygen. 
Values are expressed as percentage or as mean + SD. 
“Including 10 min after extubation. 


For these determinations, continuous pulse oximetry was used; the # values are 27 patients given N,O and 27 nat given N,O. 
‘Similarly, for these determinations the values are for 43 patients given N-O and 44 not given NO. 


4P = 0.0019 compared with the N,O group. 
“P = 0.059 compared with the NO group. 
fp = 0.0002 compared with the N,O group. 


est in patients undergoing carotid endarterectomy 
with N2O: 91.9% + 6.7% (n = 27) vs 96.4% + 1.7% 
(n = 29) in the O, group (P = 0.002). 

Exposure to N,O did not increase the immediate 
(recovery room) or later postoperative risk of hypox- 
emia. The percent decline in postoperative O, satu- 
ration over the six measurement intervals was slight 


(average decline <2% in the recovery room and <1% 
by postoperative day 3) and did not differ between 
groups (Table 4). There was no difference in the 
incidence of desaturation to 90% or 86% in the two 
anesthetic groups on postoperative days 2, 3, and 
5-7. Blood gas values (pH, Paco, Po.) for the first 
and second postoperative hours did not differ be- 
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Table 4. Postoperative Decline in Oxygen (O,) Saturation 


Group th 2h 
NO 
O, saturation (%) SREE G -1.3 £3 
n 116 123 
Oz 
O, saturation (%) -1.642 -1.4 +3 
n 120 129 


NO, nitrous oxide. 
Values for change in O, saturation are expressed as mean + sD. 


tween the groups anesthetized with (n = 71) and 
without (n = 77) NO for hip replacement or carotid 
endarterectomy. 

Episodes of hypoxemia (O, saturation <90% or 
<86%) detected by continuous pulse oximetry were 
frequent in both groups, with no difference between 
groups (Table 3). Consecutive minutes of <86% sat- 
uration or the lowest saturation level also did not 
differ. 

The incidence of supplemental use of O, was 
similar in patients who did and did not receive N,O. 
Administration of O, during the first night after 
surgery markedly decreased the incidence of hypox- 
emia in patients recovering from hip replacement or 
carotid endarterectomy (0% compared with 29% in 
those who did not receive additional O,: P < 0.001). 
In all patients, O, administration was transiently 
discontinued to assess the impact of breathing room 
air on saturation and on blood gas tensions. 

Only two patients developed bronchospasm; this 
event occurred during anesthesia. Both patients were 
anesthetized with N,O. New postoperative com- 
plaints of cough or sputum production occurred in 
31% and 34%, respectively, of patients given N,O 
and 38% and 36% of those given O,. None of the 
differences between groups was significant. 

Regression analysis revealed that older patients 
had lower postoperative O, saturation values (F = 
4.73, P < 0.05). However, aging did not significantly 


increase the incidence of hypoxemia (O, saturation ` 


<86%), although a trend existed for such a correla- 
tion. No age-related effect of N O was found. A 
history of smoking was not associated with an in- 
crease in the incidence of postoperative hypoxemia 
(13.0% for smokers; 11.3% for nonsmokers). The 
fraction of patients who smoked in the NO group 
versus that in the O, group did not differ, and the 
pack-years of smoking for those who smoked did not 
differ (37.1 + 31.8 vs 30.9 + 27.5 pack-years, respec- 
tively). The use of N,O did not affect the relationship 


+ 


LAMPE ET AL. 
Time after anesthesia 
1 day 2 days 3 days 5 days 
2+3 —0.7 +3 —1Q0+2 —0.6 + 2.0 
125 126 132 38 
-11l +2 —0.4 +2 —0.4 +2 ~0.4 +2 
134 127 125 41 


of smoking and hypoxemia at any point of observa- 
tion. 


Discussion 


Our findings show that N,O (with isoflurane) pro- 
duces no greater postoperative pulmonary dysfunc- 
tion than anesthesia with isoflurane and O,. They 
conflict with those of Gawley and Dundee (3), who 
found that anesthesia including N,O impaired post- 
operative oxygenation. However, Gawley and 
Dundee humidified inspired gases only for study 
patients who did not receive NO. It is likely that 
humidification of inspired gases decreases the inci- 
dence of postoperative respiratory complications, the 
interpretation originally proposed by Gawley and 
Dundee. In our study, the incidence of postoperative 
respiratory complications (cough and/or sputum pro- 
duction; see Table 2) was higher than that reported by 
Gawley and Dundee (cough, 15%; sputum, 20%) 
when delivering humidified gases. This difference 
may be related to the method of humidification: we 
used a Humid-vent in all patients; they added water 
vapor to the inspired gases. 

In designing this study, we debated whether to 
use O, or O, plus N, as the background gas for the 
patients not receiving N.O. We selected O, because 
that is the usual choice of the clinician who decides 
not to apply N,O. That is, we considered that the use 
of O, increased the clinical relevance of our results. 
However, this choice may have confounded our 
results by introducing an element of O, toxicity into 
the control group, thereby obscuring a subtle noxious 
pulmonary effect of N.O (i.e., both groups may have 
experienced the same amount of injury but from 
different causes). 

If we can ignore the concern expressed in the 
previous paragraph, we believe our study had the 
power to reveal an appreciable increase in detrimen- 
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tal outcomes associated with the use of NO or O}. 
For example, were the true incidence of coughing or 
sputum 20%, we would have had a power of 0.8 to 
reveal an increase to 35% with our sample size of 135 
per group (one-tailed test) (8). Similarly, we would 
have had a power of 0.8 to detect an increase from a 
mythical baseline of 50% to the 65% incidence of 
hypoxemia seen with N,O. 

Many of our results confirm previous findings of 
others (e.g., see the review by Marshall and Wyche) 
(9). It is not surprising that a lower O, saturation or 
hypoxemia occurred during and immediately after 
anesthesia with NO. The lower inspired concentra- 
tion of O, administered to patients given NO obvi- 
ously increases the potential for hypoxemia. The 
appearance of hypoxemia immediately after anesthe- 
sia with N-O may be partially explained by diffusion 
hypoxia (10,11). These findings emphasize the impor- 
tance of the use of supplemental O, during the 
. immediate recovery period, particularly when N,O 
has been used. 

Independent of anesthetic technique, the inci- 
dence of episodic hypoxemia was significant during 
the first 24 h after carotid endarterectomy and total 
hip arthroplasty. Supplementation of inspired air 
with O, prevented hypoxemia. If the observed hyp- 
oxemia represents a risk, our finding has implications 
for postoperative management. Should not all similar 
patients receive supplemental O, the first night after 
surgery? 

Similar to others, we found that postoperative O, 
saturation decreases with increasing age. Thus, post- 
operative administration of supplemental O, may be 
particularly important in the aged patient. The in- 
verse relationship between O, saturation and increas- 
ing age was not affected by administration of N,O. 

Although other studies (12,13) have shown an 
association between a history of smoking and post- 
operative hypoxemia, we found none. We have no 
explanation for this difference in our patient popula- 
tion. 

We may summarize our results as follows. The use 
of N,O is associated with a decrease in oxyhemoglo- 
bin saturation intraoperatively that, in most patients, 
is too small to be of clinical importance. Postoperative 
hypoxemia occurs frequently in the absence of sup- 
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plemental O2, particularly in the older patient. How- 
ever, postoperative hypoxemia is not related to the 
intraoperative administration of N O except, per- 
haps, for the diffusion hypoxia that may present 
immediately after anesthesia. Similarly, postopera- 
tive cough and sputum production are not increased 
by the intraoperative use of N,O. 


We gratefully acknowledge the assistance with study design and 
statistical analysis provided by Dr. David Heilbron and Mark 
Spitalny, and the cooperation of residents and faculty at the 
University of California at San Francisco. Expert editorial assis- 
tance was provided by Winifred von Ehrenberg. 
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Linda Z. Wauk, RN, Patricia Whitendale, RN, Kenneth E. Fouts, MD, Barry M. Rose, MD, 
Lawrence L. Litt, PhD, MD, Ira J. Rampil, MD, Charles B. Wilson, MD, and 


Edmorid I. Eger II, MD 


LAMPE GH, DONEGAN JH, RUPP SM, WAUK LZ, 
WHITENDALE P, FOUTS KE, ROSE BM, LITT LL, 
RAMPIL IJ, WILSON CB, EGER EI II. Nitrous oxide and 
epinephrine-induced arrhythmias. Anesth Analg 1990;71: 
602-5. 


We asked whether the sympathomimetic effect of nitrous 
oxide (N,Q) predisposed patients receiving NO to arrhyth- 
mias in response to epinephrine administration. We also 
asked whether aging contributed to the development of 
arrhythmias, with or without N,O. One hundred patients 
having transsphenoidal hypophysectomy were randomly 
assigned to recetve anesthesia including (n = 49) or 
excluding (n = 51) N,O. All patients were given an 
injection of epinephrine 1:200,000, with 0.5% lidocaine to 
produce hemostasis. Using intermittent 12-lead and con- 
tinuous lead II electrocardiography, we determined the 
incidence of premature ventricular contraction, isorhythmic 
atrioventricular (AV) dissociation, and changes in T-wave 


Nitrous oxide (N,O) activates the sympathetic nervous 
system, causing an increase in plasma catecholamine 
levels (1). Results of an unpublished report indicate that 
N20 sensitizes the myocardium in dogs to the ventric- 
ular-arrhythmic effects of epinephrine (2). Data from a 
recent study suggest that NO may cause isorhythmic 
dissociation or atrioventricular (AV) junctional rhythms 
(3). Both reports imply that N,O might augment epi- 
nephrine’s effects on ventricular or dissociative 
rhythms. Accordingly, we measured the intraoperative 
and postoperative incidence of both arrhythmias and 
changes in electrocardiographic (ECG) morphology in 
patients given epinephrine during transsphenoidal hy- 
pophysectomy under anesthesia with and without 
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morphology. Patients given NO had a significantly higher 
incidence of isorhythmic AV dissociation (61.2% vs 
41.2%). A trend toward a higher incidence of multiple 
premature ventricular contractions (16.3% vs 7.8%) was 
not statistically significant. Both anesthetic groups had a 
high incidence of postoperative changes in T-wave morphol- 
ogy (46.9% in the NO group vs 50.9% in the group not 
given N-O). Aging alone did not affect the incidence of 
ventricular ectopic beats, isorhythmic AV dissociation, or 
changes in electrocardiographic morphology, but correlated 
with the development of ventricular ectopy during N,O 
anesthesia. We conclude that the use of NO correlated with 
a higher incidence of tsorhythmic AV dissociation in re- 
sponse to injection of epinephrine with lidocaine. 


Key Words: ANESTHETICS, GasEs—nitrous oxide. 
HEART, ARRHYTHMIAS—ventricular, isorhythmic 
atrioventricular dissociation. 


N-O. Because the incidence of heart disease increases 
with aging (4), and because basal levels of catechol- 
amines increase with aging (5) whereas reaction to 
catecholamines decreases (6), we also examined the 
effect of age on the incidence of ventricular and disso- 
ciative arrhythmias. 


Methods 


One hundred ASA MII patients scheduled for elec- 
tive transsphenoidal hypophysectomy for pituitary 
adenomas gave written consent to participate in our 
institutionally approved study. Preoperatively, we 
evaluated each for a history of cardiovascular disease 
and -sympathetic blocking medication. We obtained 
a 12-lead ECG. The study protocol limited anesthetic 
premedications to triazolam, morphine, or no pre- 
medication. The protocol limited intraoperative med- 
ications to fentanyl and edrophonium/atropine plus 
isoflurane, thiopental, vecuronium, and NO. The 
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doses of these drugs were controlled by the attending 
anesthesiologist, not by the study protocol. All pa- 
tients received isoflurane, thiopental, and vecuro- 
nium, but were randomly assigned to receive 60% 
NO in oxygen (Oz) (49 patients) or O, alone (51 
patients). Inhaled isoflurane concentrations were ad- 
justed to maintain a level of anesthesia acceptable to 
the attending anesthesiologist. End-tidal isoflurane 
concentrations were measured by mass spectroscopy, 
and we recorded the median end-tidal values for the 
first hour of anesthesia and for the remainder of 
anesthetic administration. Ventilation was controlled 
to produce a mild hypocapnia. Arterial blood pres- 
sure values were obtained with an automated (Dyna- 
map) device every minute during the 15-min period 
after injection of epinephrine. 

Epinephrine, 1:200,000, in 0.5% lidocaine was in- 
jected by the surgeon. Lead II of the ECG was 
continuously recorded from 15 s before injection until 
15 min after. We recorded the total dose of epineph- 
rine administered. In the recovery room we recorded 
a 12-lead ECG. 

All ECGs were interpreted by three investigators 
unaware of the patient’s anesthetic regimen. For the 
15-min period of study we analyzed the ECG record- 
ings for (a) maximum number of premature ventric- 
ular contractions (PVCs) per minute; (b) frequent 
PVCs (three or more per minute); (c) multifocal PVCs; 
(d) isorhythmic AV dissociation (progressive migra- 
tion of the p wave toward and, eventually, into the 
ORS complex) (7-9); (e) changes in T-wave morphol- 
ogy (flattening or inversion); (f) ST depression or 
elevation (80 ms after the j point) and the degree 
(mm) of change in either; and (g) initial, minimum, 
and maximum heart rates. We also recorded the use 
of lidocaine to treat PVCs. The postoperative, 12-lead 
ECG was compared with the preoperative ECG for (a) 
changes in T-wave morphology; (b) ST depression or 
elevation and millimeter change in either; (c) the 
appearance of Q waves; and (d) the presence of 
ventricular ectopy. 

Data were evaluated as incidences and mean val- 
ues. Preoperative and postoperative values were 
compared using x° analysis or Student’s t-test. Logis- 
tic regression analyses were performed to determine 
whether ventricular ectopy, isorhythmic AV dissoci- 
ations, or changes in ECG morphology were associ- 
ated with aging or the combination of aging and N,O. 
We accepted a value of P < 0.05 as significant. 


Results 


The anesthetic groups did not differ in age, gender, 
height, weight, preoperative use of B-sympathetic 
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Table 1. Patient Demographic and Clinical Characteristics 


NO No NO 
n 49 51 
Age (yr) 39 + 14 42 + 15 
No. of men 16 (32.6%) 14 (27.4%) 
Height (cm) 66.5 + 5.2 65.6 + 3.5 
Weight (kg) 76.6 + 22.3 70.7 + 14.3 
ASA I or II 45 (91.8%) 51 (100%)? 
Preoperative cardiovascular 15 (31%) 19 (37%) 
disease 
B-Sympathetic blockers 2 (4%) 7 (14%) 
Epinephrine injected (ug/kg) 2.52 + 0.92 2.71 + 0.89 
Fentanyl (ug) 297 & 133 283 + 105 
Isoflurane (% end-tidal) f 
10-60 min of anesthesia 0.71 + 0.30 0.86 + 0.38 
>60 min of anesthesia 0.90 + 0.29 1.08 + 0.32° 


N-O, nitrous oxide. 

All values are expressed as the number of patients: displaying the 
indicated characteristic or (parametric values) as mean + sp. 

“P = 0,037 compared with the N,O group. 

*P = 0.046 compared with the NO group. 

“P = 0,008 compared with the NO group. 


blocking drugs, or total dose of injected epinephrine 
(Table 1). Four patients given N,O were ASA physical 
status III, whereas all patients given O, were ASA I or 
Il. The preoperative incidence of cardiovascular disease 
was the same for each group. With one exception (see 
below), preoperatively and just before epinephrine in- 
jection all patients had a normal sinus rhythm. 

Most aspects of anesthetic management were similar 
for both anesthetic groups, including premedication 
(equal fractions of each group received triazolam and 
morphine) and the total dose of fentanyl administered 
intraoperatively. However, more isoflurane was ad- 
ministered to patients who were not given N,O. 

Administration of epinephrine produced PVCs in 
several patients. However, the use of N,O did not 
increase the incidence of PVCs from either a single 
focus or multiple foci (Table 2). Two patients, both 
given N,O, required treatment with lidocaine for this 
arrhythmia. 

The incidence of isorhythmic AV dissociation after 
injection of epinephrine was 50% higher in patients 
given NO (Table 2). Just before injection of epineph- 
rine, one patient given NO developed isorhythmic 
AV dissociation, and dissociation was sustained 
throughout the 15-min period of recording. We in- 
cluded his data in our analysis as having had iso- 
rhythmic AV dissociation. 

The heart rate response to epinephrine injection 
varied, increasing in some patients but decreasing in 
others (Table 3). The use of N,O did not alter this 
response. Blood pressure changes associated with epi- 
nephrine injection did not differ between anesthetic 
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Table 2. Arrhythmias and Electrocardiographic 
Morphology Changes Associated With 
Epinephrine Injection 


N,O No N,O 

n (%) n (%) 
PVCs 10 (20.4) 8 (15.7) 
>2 PVCs/min 8 (16.3) 4 (7.8) 
Multifocal PVCs 4 (8.2) 3 (5.9) 
Isorhythmic AV dissociation 30 (61.2) 21 (41.2)" 
Intraoperative T-wave flattening 23 (46.9) 26 (50.9) 

and inversion 

Postoperative T-wave flattening 23 (46.9) 19 (38.0) 
Postoperative T-wave inversion 14 (29.2) 15 (29.4) 


NO, nitrous oxide; 1, number of patients; PVC, premature ventricular 
contraction; AV, atrioventricular. 
"P = < 0.05 compared with the N,O group. 


Table 3. Peak Increase and Decrease in Heart Rate 
Response to Epinephrine 


NO No NO 
Baseline (beats/min) 85 + 18 89 + 16 
Maximum increase (beats/min) 18 + 13 19 + 17 
Maximum decrease (beats/min) 7+8 8+ 8 


N-O, nitrous oxide. 
All values are expressed as mean + Sp. 


groups, and isorhythmic AV dissociation was not asso- 
ciated with marked hypotension in any patient. 

Postoperative changes in ECG morphology were 
common in both groups, but did not differ between 
groups. T-wave flattening occurred in 47% of patients 
given N,O and in 38% of those not given N,O. 
T-wave inversion occurred in 29% of patients in each 
group. Two patients given N,O and one given O, 
had ST depression, the greatest change being 0.5 
mm. No patient had new ventricular ectopy, ST 
elevation, or Q waves. 

Neither aging nor N,O alone correlated signifi- 
cantly with the development of ventricular ectopy, 
isorhythmic AV dissociation, or changes in ECG 
morphology after injection of epinephrine. However, 
in the presence of N,O, logistic regression indicated 
that aging predisposed to the development of ven- 
tricular ectopy (P < 0.01) and was associated with a 
decreased incidence of T-wave flattening (P < 0.05). 


Discussion 


Like Wong et al., we found a trend suggesting that the 
use of N,O augmented epinephrine’s capacity to pro- 
duce PVCs. Specifically, twice as many patients given 
N-O had three or more PVCs per minute (16.3% + 
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5.3% vs 7.8% + 3.8%; mean + sp). However, this trend 
did not approach statistical significance. 

Our finding that N,O may predispose to the devel- 
opment of isorhythmic AV dissociation extends that of 
Roizen eż al. (3), who found that N,O itself may 
produce isorhythmic AV dissociation (described in that 
work as AV junctional rhythm). Furthermore, our 
finding that epinephrine injection induces isorhythmic 
AV dissociation is consistent with the observation that 
these arrhythmias may be treated with propranolol 
(10). Our incidence of isorhythmic AV dissociation 
appears to be greater than that observed by Johnston et 
al. (for halothane, enflurane, or isoflurane) (11), but 
these investigators did not use N,O nor did they 
monitor the ECG continuously for 15 min after epi- 
nephrine injection. Their period of examination ranged 
from 3 to 10 min. Clearly, the incidence of arrhythmias 
at the epinephrine dose levels administered (Table 1), 
with or without N,O, is less than that reported for 
halothane (11). Other investigators have found iso- 
rhythmic AV dissociation in 40% of humans anesthe- 
tized with enflurane given with O, (12) and in 50% 
anesthetized with enflurane given with N.O (13). 

Despite the appreciable incidence of isorhythmic 
AV dissociation in our patients, the cardiovascular 
system remained stable with no marked hypotension 
in any patient, a finding consistent with the observa- 
tions of others (12,13). Heart rate increased slightly 
with the onset of isorhythmic AV dissociation, an 
observation reported previously by others (7,9,13,14). 
Our results are consistent with the clinical impression 
of cardiovascular stability during anesthesia with 
N,O (and isoflurane). 

In designing this study, we debated whether to 
use O, or O, plus N, as the background gas for the 
patients not receiving N O. We selected O, because 
that is the usual choice of the clinician who decides 
not to apply N,O. That is, we considered that the use 
of O, increased the clinical relevance of our results. 
For reasons of safety, the anesthetist charged with 
the patient’s care had knowledge of the inspired 
concentration of O, given to the patient. However, all 
data collection and interpretation were performed by 
individuals who did not know whether the patient 
was or was not given N,O. Thus we believe that the 
biases of the investigators did not influence the 
incidences of arrhythmias reported. 

The simultaneous injection of lidocaine with epi- 
nephrine may have altered our results both for the 
comparison of the anesthetic groups (N,O vs no 
NO) and the independent effect of epinephrine. 
Lidocaine decreases the arrhythmias produced by 
epinephrine injected in the presence of halothane 
(11). In addition, however, it may increase plasma 
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levels of epinephrine by accelerating the rate of 
absorption of injected epinephrine (15). 

Our two study groups differed in that the group 
given NO received less isoflurane, and the control 
group received a greater Fro. However, isoflurane is 
not known to have any antiarrhythmic effect (11), and 
the authors are unaware of evidence that hyperoxia 
predisposes to or protects the myocardium from the 
arrhythmic effects of epinephrine. 

Postoperative T-wave flattening (47% in the N,O 
group and 38% in the O, group) and inversion (29% 
in both groups) were common. These incidences are 
higher than those found by Breslow et al., who 
reported 12% for T-wave flattening and 6% for 
T-wave inversion (P < 0.0001 for both comparisons 
with our data) (16). There are at least two reasons for 
our finding a greater incidence of morphologic 
changes. First, catecholamine infusion may predis- 
pose to such changes. Predisposition is demonstrated 
by the nearly 50% incidence of postinjection T-wave 
changes in our patients and by similar results in other 
studies (17). Second, our patients had intracranial 
surgery, which has been associated with a relatively 
high incidence of such changes (18). However, it 
should be noted that at least one study failed to reveal 
an increased incidence after intracranial surgery (19). 
Because these changes occurred in our young and old 
patients alike, independent of cardiovascular disease 
state, they are likely to be innocuous. Such a conclu- 
sion ultimately agrees with that of Breslow et al. (16). 

Forrest et al. reported that aging alone increases 
the incidence of ventricular ectopy (no injection of 
epinephrine) in awake and anesthetized subjects 
(Forrest, personal communication). We did not find 
an age-related increase in the incidence of arrhyth- 
mias associated with epinephrine injection. How- 
ever, susceptibility to ventricular ectopy after epi- 
nephrine injection correlated with aging when 
anesthesia included N,O. On the other hand, the 
nonspecific finding of T-wave flattening after epi- 
nephrine administration correlated inversely with 
aging, independent of the use of N,O. The clinical 
significance of these findings is not clear. 


We gratefully acknowledge the assistance with study design and 
statistical analysis provided by Dr. David Heilbron and Mark 
Spitalny. Expert editorial assistance was provided by Winifred von 
Ehrenberg. 
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Nitrous Oxide Does Not Impair Hepatic Function in Young or Old 


Surgical Patients 
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LAMPE GH, WAUK LZ, WHITENDALE P, WAY WL, 
MURRAY W, EGER FI II. Nitrous oxide does not impair 
hepatic function in young or old Parga patients. Anesth 
Analg 1990;71:606~9. 


We investigated whether anesthesia including nitrous oxide 
(NO) caused hepatic injury, and whether any adverse effect 
of N,O was affected by patient age. One hundred patients 
having total hip replacements were randomly assigned to a 
regimen that included or excluded N-O (50%-60%) during 


Limited evidence suggests that nitrous oxide (N,O) 
may impair hepatic function. Plasma levels of the 
hepatic enzyme alanine aminotransferase (ALT, also 
known as SGPT) increase significantly more in pa- 
tients anesthetized with halothane/N,O at ambient 
pressure than they do in patients anesthetized with 
halothane/oxygen (O,) in a hyperbaric chamber (1). 
Similarly, plasma levels of lactic dehydrogenase V 
increase in. patients given methohexital and N,O (2). 
At least one hepatic enzyme is damaged by adminis- 
tration of NO: exposure to 50%-70% N,O for 3 h 
decreases hepatic methionine’ synthase activity in 
humans by 75% (3,4). Finally, Cohen et al. found 
evidence of hepatic injury in dentists and dental 
assistants exposed in the course of their occupation to 
high levels of N,O (5,6). 

Because N,O is so often used in current clinical 
practice, we performed the following study to deter- 
mine whether it impairs postoperative hepatic func- 
tion. Additionally, we hypothesized that older pa- 
tients might be more predisposed to hepatic injury 
(because they are at greater risk of cardiovascular 
compromise, more apt to take medications that affect 
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regional anesthesia supplemented with isoflurane and in- 
travenous adjuvants. Using postoperative plasma levels of 
alanine aminotransferase, bilirubin, and alkaline phos- 
phatase 1 and 3 days after surgery as indicators of hepatic 
impairment, we found no evidence that NO causes hepatic 
injury in either young or old patients. 


Key Words: ANESTHETICS, Gasrs—nitrous oxide. 
LIVER, FUNCTION—nitrous oxide. 


hepatic function, and/or more likely to have a less 
balanced diet than younger patients). Accordingly, 
we also investigated whether aging or aging in con- 
cert with administration of NO might impair hepatic 
function. | 


Materials and Methods 


One hundred patients scheduled for elective total hip 
arthroplasty consented to participate in our institu- 
tionally approved study. Preoperatively, we evalu- 
ated each patient for a history of hepatic disease and 
alcohol abuse (consumption of four or more ounces of 
alcohol per day). Sixty-five patients were to undergo 
initial total hip arthroplasty, and 35 required revision 
and replacement of a failed total hip arthroplasty. All 
patients received spinal (tetracaine, n = 92) or epidu- 
ral (lidocaine, n = 8) anesthesia, and isoflurane, 
thiopental, and vecuronium, but were randomly as- 
signed to receive in addition 60% N,O/40% O, (n = 
50) or 100% O, (n.= 50). Premedications (triazolam, 
morphine, or none) and the intraoperative use of 
fentanyl and edrophonium/atropine were controlled 
by the attending anesthesiologist, not by the study 
protocol. Inhaled isoflurane concentrations were ad- 
justed to maintain intraoperative systolic arterial 
blood pressure between 70 and 90 mm Hg. Median 
values for heart rate and arterial blood pressure were 
recorded for the following intervals of anesthetic 
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Table 1. Patient Demographic Characteristics 


NLO No N,O 
n . 50 50 
Age (yr) 60.2 + 13.8 56.8 + 17.2 
Men (%) 38 48 
Weight (kg) 72.8 + 15.2 76.4 + 15.0 
ASA I or H (%) 90 88 
ASA M (%) 10 12 
Hepatic disease (%) 8 6 
Alcohol abuse (%) 4 2 


N20, nitrous oxide. 
All values are expressed as mean + sp or percentage of patients with the 
indicated characteristic. 


delivery: 1-10 min, 11-60 min, and >60 min. We 
measured O, saturation (Ohmeda Biox If recording 
pulse oximeter) continuously for 24 h from the start of 
anesthesia in all patients. Intraoperatively, we ad- 
justed Fro, to keep O, saturation above 90%. Epi- 
sodes of desaturation to less than 86% were recorded. 

We used plasma levels of ALT, an intracellular 
hepatic enzyme, as our primary marker of hepatic 
injury (7), but also measured plasma levels of biliru- 
bin and alkaline phosphatase as markers of hepatic 
conjugative and secretory function. Venous blood 
samples were drawn immediately before surgery 
(control) and on postoperative days 1 and 3 for tests 
of hepatic function. All data collection, analysis, and 
patient interviews were performed by individuals 
unaware of whether the patient had received NO. 

Data are reported as mean values, change, and 
percent change from preoperative values and evalu- 
ated for statistical significance using Student's t-test, 
analysis of variance, or x? analysis. Logistic regres- 
sion tests were performed to establish whether age, 
administration of N,O, or the combined effects of age 
and N,O affected hepatic integrity. We accepted as 
significant a value of P< 0.05. > 


Results 


The two study groups did not differ in age, gender, 
weight, ASA physical status, incidence of hepatic 
disease, or heavy alcohol consumption (Table 1). 
Aspects of anesthetic management that were similar 
for each group included drugs used for premedica- 
tion, duration of anesthesia, mean and lowest intra- 
operative systolic blood pressure (first 10 min, 11-60 
min, or 60 min to end) and frequency of intraopera- 
tive or postoperative O, saturation <86% (Table 2). 
The groups differed in that greater doses of thiopen- 
tal, fentanyl, and isoflurane were administered to 
patients who did not receive N,O. 


ANESTH ANALG 607 
1990;71:606-9 


Table 2. Variables Associated With Anesthesia 


N-O l No N,O 

Premedication 

Triazolam 74 74 

Marphine 58 42 
Thiopental (mg) 364 + 131 443 + 197° 
Fentanyl (ug) 146 + 105 220 + 139° 
Vecuronium (mg) 8.0 + 3.1 8.5 + 2.4 
Maintenance end-tidal 

isoflurane (%) ; 

11-60 min 0.39 + 0.23 0.54 + 0.29 

>60 min 0.41 + 0.21 0.64 + 0.27° 
Duration of anesthesia (min) 190 + 23 204 + 60 
Mean systolic blood pressure 

(mm Hg) 

First 10 min 120 + 23 121 + 24 

11-60 min 93 + 13 95 + 10 

->60 min 94 + 13 96 + 14 
Lowest systolic blood pressure 

(mm Hg) 

First 10 min 92 + 23 96 + 23 

11-60 min 78 + 12 80 +9 

>60 min 75 + 10 78 + 12 
Oxygen saturation <86% 

Intraoperative 7.0 2:3 

Postoperative 27.9 27.2 


N-O, nitrous oxide. 

Values are expressed as percentage of patients with the indicated 
characteristic or mean + sD. 

"P = 0,02. 

bP < 0.01. 


Four patients received 50% N,O, and 46 received 
60%. In one patient who became hypoxic intraoper- 
atively, we discontinued the administration of N,O 
and maintained anesthesia with isoflurane in O». The 
data for this patient are included with the data for the 
group given N,O. 

The absolute and percent change in ALT, bilirubin, 
and alkaline phosphatase levels from preoperative to 
maximal postoperative values were similar in each 
anesthetic group (Table 3). The maximum changes 
tended to be negative, rather than positive, but 
varied considerably. Nine patients (six given N0) 
had preoperative ALT levels above the upper limit of 
normal set by our laboratory (normal range, 2-54 
IU/L). All but one of these patients had normal 
postoperative ALT levels. The one patient whose 
values did not return to normal had a preoperative 
value of 199 IU/L and a postoperative value of 77 
IU/L. Five patients (three given N,O) having normal 
baseline levels had abnormal postoperative levels. 

Baseline and postoperative bilirubin values were 
normal in all patients but one given O,, who devel- 
oped an abnormal postoperative level. Only one 
patient had an abnormal baseline value for alkaline 
phosphatase, whereas four patients (three given 


608 . ANESTH ANALG 
1990;71:606-9 


Table 3. Perioperative Hepatic Function 


NO No N,O 

ALT (IU) 

Preoperative 25.8 + 36.9 19.7 + 15.9 
Postoperative day 1 19.3 + 21.4 31.2 + 79.4 
Postoperative day 3 8 ie ae ea 19.5 + 21.7 
Maximum change’ =10,2 + 29.8 =3,0. 22.7 

Bilirubin (mg/dL) 

_ Preoperative 0.57 + 0.16 0.56 + 0.24 
Postoperative day 1 0.65 + 0.20 0.68 + 0.24 
Postoperative day 3 0.57 + 0.13 0.57 + 0.26 
Maximum change —0.03 + 0.14 —0.05 + 0.18 

Alkaline phosphatase (IU) 

Preoperative 71.3 22.2 65.8 + 21.1 
Postoperative day 1 57.8 + 18.0 55.1 + 22.4 
Postoperative day 3 75.6 + 41.9 66.8 + 27.2 
Maximum change =13.9 4 14.5 —11.9 + 14.4 


ALT, alanine aminotransferase. 
Values are expressed as mean + sD. 
“The average greatest change from the preoperative value. 


N20) with appropriate baseline levels developed ab- 
normal postoperative levels. These four patients also 
had abnormal postoperative levels of ALT. 

As indicated above, one patient had intraoperative 
hypoxemia that persisted more than 1 min and re- 
quired intervention. This patient had an increased 
baseline ALT level that did not return to normal 
levels postoperatively, but had normal bilirubin and 
alkaline phosphatase levels throughout the study. 

None of the changes in hepatic function were 
clinically significant in any patient. None prolonged 
hospitalization. Neither aging nor the combination of 
aging and NO predisposed to the development of 
hepatic injury. 


Discussion 


Our findings do not confirm those that suggest that 
NO administration might result in hepatic injury. 
That is, we found no correlation between administra- 
tion of NO and the development of injury. Although 
ALT, bilirubin, and alkaline phosphatase levels in- 
creased in a small number of our patients, these 
changes were independent of the use of N,O or O3. 
The absence of any consistent trend in outcomes in 
our study (see Table 3) associating NO with hepatic 
injury suggests that a larger database would not 
provide a different result. 

Ten patients (10%) had preoperative evidence of 
existing hepatic injury (increased serum transami- 
nase levels), but the incidence of this evidence of 
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hepatic injury actually decreased after anesthesia and 
surgery. That is, the “stress” of anesthesia and sur- 
gery, with or without NO, also did not predispose to 
hepatic injury. Similarly, patients with a history of 
hepatic disease or alcohol abuse were not more likely 
to have an increase in ALT levels postoperatively. 
The finding for alcohol abuse confirms that noted by 
Zinn et al. (8). 

Despite general concerns regarding the use of 
N,O, it remains a mainstay of anesthetic practice. 
Although reassuring, our findings may not be defin- 
itive for three reasons. First, we obtained and exam- 
ined results from a study of a relatively limited 
number af patients (n = 100). Second, we cannot say 
that more prolonged or traumatic surgery, greater 
age, and/or more severe hypotension would not 
predispose patients to hepatic injury when combined 
with administration of NO. However, no trend in 
our data suggests such an outcome. Third, our two 
groups differed in that the group given N,O received 
less thiopental, fentanyl, and isoflurane. It is possible 
that these agents have a mild hepatotoxic effect that 
confounded our results. However, on average, the 
incidence of abnormal postoperative ALT values de- 
creased (not significantly), suggesting that none of the 
agents or techniques compromised hepatic function. 

The strength of our findings lies in the compara- 
bility of our study groups (equivalence of age, sex, 
operative stress). Total hip replacement is a longer, 
more traumatic procedure than many other surgeries, 
demanding greater blood replacement than most 
other surgeries. Our study population included older 
patients, and our anesthetic regimen deliberately 
imposed hypotension to decrease blood loss (9). We 
expected that these conditions would predispose our 
patients to a subtle noxious effect of N,O, yet none 
was demonstrated. 

Finally, NO may cause hypoxia by limiting the 
inspired fraction of O,, and hypoxia can cause he- 
patic injury (10). The only patient to develop intraop- 
erative hypoxia received N,O, and the hypoxia re- 
solved after substitution of O, for NO. Although this 
patient’s hepatic function was not adversely affected, 
failure to detect and reverse intraoperative hypox- 
emia may account for some cases of postoperative 
hepatic dysfunction after an anesthetic that includes 
N,O. 
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Effect of Nitrous Oxide on Folate and Vitamin B,, Metabolism 


in Patients 
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KOBLIN DD, TOMERSON BW, WALDMAN FM, LAMPE 
GH, WAUK LZ, EGER El I. Effect of nitrous oxide on 
folate and vitamin B,, metabolism in patients. Anesth 
Analg 1990;71:610-7. 


Exposure to nitrous oxide (N,O) markedly enhances excre- 
tion of formic acid and formiminoglutamic acid (FIGLU) in 
the urine of rats, suggesting a disruption in the normal 
pathways of folic acid metabolism secondary to an N,O- 
induced inactivation of methionine synthase. We tested 
whether surgical patients (23 having total hip replacements 
and 26 having resection of acoustic neuromas) exposed to 
isoflurane alone or combined with N,O responded simi- 
larly. We found no increase in urinary formic acid and 
FIGLU in patients exposed to N,O for hip replacement, but 
a small, transient increase in the FIGLU-to-creatinine ratio 


-.., Patients occasionally develop hematologic and neu- 
=<- rologic abnormalities after surgery with an anesthetic 


technique that includes the administration of nitrous 
oxide (N0) (1,2). For example, those with subclinical 
deficiencies of vitamin B}, may have neurologic dys- 
function and manifest megaloblastic changes after 
routine surgical procedures with a duration of ap- 
proximately 2 h (3,4). Even relatively healthy patients 
without vitamin B} or folic acid deficiency may 
experience bone marrow depression after prolonged 
(24 h) exposure to NO (5,6). Presumably, these 
abnormalities result from N,O-induced inactivation 
of the vitamin B,2-dependent enzyme methionine 
synthase (EC 2.1.1.13), an enzyme that controls in- 
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in those undergoing resection of acoustic neuromas (mean 
duration of anesthesia = 9.3 h). This increase peaked at the 
end of anesthetic exposure and returned toward control 
levels by the first day after anesthesia and surgery. Low 
preoperative levels of red blood cell folate and low-normal 
levels of serum vitamin B,, did not predict an increase in 
formic acid or FIGLU in response to N,O. Although an 
occasional patient may prove highly susceptible to and 
develop signs of severe vitamin B; and folic acid deficiency 
after exposure to N.O, our findings suggest that this ts a 
rare event. 


Key Words: ANESTHETICS, GasEs—nitrous oxide. 
ANESTHETICS, voLATILE—isoflurane. 
VITAMINS—B,,, folic acid. 


terrelations between vitamin B,, and folic acid metab- 
olism. 

In humans, methionine synthase activity in liver 
decreases by approximately 50% after 1-2 h of expo- 
sure to 50%-70% N-O (7,8). However, the data indi- 
cating the temporal course of changes in vitamin Bj) 
and folic acid metabolism, and of enzyme inactivation 
and recovery, are limited. Assay of this cytoplasmic 
enzyme requires biopsies of vital tissues (e.g., liver, 
kidney, brain) that are difficult to perform in human 
subjects. Thus, it would be useful to have a noninva- 
sive method of monitoring the metabolic activities of 
these vitamins in response to N,O. 

Studies in rats suggest that the levels of formic acid 
(9) and formiminoglutamic acid (FIGLU) (10) excreted 
in urine may reflect the status of folate metabolism. 
The ratio of formic acid-to-creatinine in urine in- 
creases as much as 40-fold in rats exposed to N,O (9), 
and the concentration of FIGLU is markedly higher 
than normal (10). Accordingly, we have measured 
the levels of formic acid and FIGLU in the urine of 
two groups of patients exposed to NO. The first 
group included elderly patients having total hip re- 
placements, whose age predisposes to deficiencies in 


+ 
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vitamin B,, and/or folate (11-13); the second group 
included patients undergoing resection of acoustic 
neuromas, a procedure that usually requires the 
prolonged administration of anesthetic. The en- 
hanced excretion of formic acid and FIGLU in rats 
probably is due to N,O-induced inactivation of me- 
thionine synthase and the resulting depletion of 
active forms of tetrahydrofolate required for the fur- 
ther oxidation of formic acid to carbon dioxide (9) and 
metabolism of FIGLU (a breakdown product of histi- 
dine) to glutamate (10). We hypothesized that our 
two groups of patients would experience similar 
metabolic abnormalities. 


Materials and Methods 


With approval from the University of California at 
San Francisco (UCSF) Committee on Human Re- 
search and patients’ informed consent, we studied 23 
people having elective total hip arthroplasty and 26 
undergoing elective resection of acoustic neuroma at 
the UCSF Moffitt and Long Hospitals. All patients 
received isoflurane, thiopental, and vecuronium, but 
were randomly assigned to receive either 50%—70% 
N-O or 100% oxygen. Premedication (triazolam 
and/or morphine or nothing) and intraoperative ad- 
ministration of fentanyl and edrophonium/atropine 
were controlled by the anesthesiologist. Inhaled iso- 
flurane concentrations were adjusted to maintain 
clinically acceptable levels of anesthesia, as deter- 
mined by the anesthesiologist in charge of the pa- 
tient’s care. Patients undergoing total hip arthro- 
plasty also received spinal (tetracaine) or epidural 
(lidocaine) anesthesia. Duration of anesthesia was 
2.0-6.5 h for the total hip arthroplasties and 5-16 h for 
resection of acoustic neuromas. Intraoperative and 
postoperative blood transfusions were administered 
as clinically required, as determined by the physician 
in charge of the patient’s care. 

Preoperative blood samples were drawn and as- 
sayed for serum vitamin B,,, serum folate, and red 
blood cell (RBC) folate. Additional blood samples 
were obtained on postoperative day 1 in the patients 
undergoing resection of acoustic neuromas. A spot 
urine sample was collected preoperatively. In pa- 
tients undergoing total hip arthroplasties, spot urine 
samples also were collected in the recovery room, on 
postoperative days 1-3, and with less frequency on 
days 6, 9, 11, and 13. From patients undergoing 
resection of acoustic neuromas, we collected urine 
samples via a Foley catheter at a time estimated to be 
the midpoint of surgery, at the end of anesthesia, and 
on postoperative days 1 and 2. Serum and urine 
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Table 1. Patient Demographic Characteristics 


Hip replacements Acoustic neuromas 


N.O No N-O NLO No N.O 
n 12 al 13 13 
Age (yr) 664125 64493  50+10.8 48+ 102 
Male (71) J 5 10 8 
Weight (kg) 69 +13.3 804146 794139 80+ 15.8 
ASA [ or Il 11 9 12 11 
ASA II 1 2 1 2 


NỌ, nitrous oxide. 
Values are given as numbers of patients, or as mean + sD. 


samples were frozen at —20°C to —40°C until ana- 
lyzed. 

Urinary FIGLU was analyzed by the spectrophoto- 
metric procedure specified in Sigma Diagnostics Pro- 
cedure No. 365-UV. Urinary creatinine was assessed 
spectrophotometrically using a Sigma Diagnostics 
Creatinine Kit (Procedure No. 555). Urinary formic 
acid was analyzed by the spectrophotometric method 
used for formic acid in serum (14), excluding the 
acetonitrile precipitation step because it was not 
necessary. 

serum levels of vitamin B}, and folate, and red cell 
folate, were determined in duplicate by a radioassay 
(MAGIC Vitamin B} [°’Co]/Folate[*°I] No Boil Ra- 
dioassay [CIBA-Corning Diagnostics]) that utilizes 
purified intrinsic factor for analysis of vitamin B42. 
Using this assay, serum levels of these vitamins in a 


low folate/vitamin B,, control (BioRad) and in clinical © 


chemistry controls (Ligand A, B, C; CIBA-Corning) . 
were within the expected range. The range of vitamin . 


levels considered to be normal were those specified in 
the CIBA-Corning No Boil Radioassay kit. 

The data were examined as mean values and 
change and percentage change from preoperative 
values using paired or unpaired t-tests, the Mann- 
Whitney test, or Fisher’s exact test (all two-tailed 
tests). Regression analyses were performed to test for 
a relationship between age and levels of serum vita- 
min B4», serum folate or RBC folate, or a relationship 
between these variables and maximal elevation of the 
FIGLU-to-creatinine ratio in urine. 


Results 


Demographic characteristics did not differ signifi- 
cantly in patients anesthetized with and without N,O 
(Table 1). Preoperative levels of serum vitamin B,, 
(Figure 1A), serum folate (Figure 1B), and RBC folate 
(Figure 1C) also did not differ among patients (Table 
2). No patient was deficient in vitamin B}, (normal 
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Figure 1. Preoperative levels of serum vitamin B,, (A), serum 
folate (B), and RBC folate (C) in patients having total hip replace- 
ments and resections of acoustic neuromas. For the radioassay 
employed, recommendations for normal ranges are 200-978 pg/mL 
for serum vitamin B,,, 3.0-15.0 ng/mL for serum folate, and 
130-630 ng/mL for RBC folate. Some symbols overlap. 


range, 200-978 pg/mL for this assay) or had abnor- 
mally low serum folate values (normal range, 3.0- 
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Table 2. Preoperative Vitamin Levels 


Hip replacements Acoustic neuromas 


N,O No NO NLO No N-O 
Serum B,> 472 + 320 421 + 168 568 +226 518 + 148 
(pg/mL) 
Serum folate 9.6 +3.44  10.5+42 76£40 642+4+2.5 
(ng/mL) 
RBC folate 190 + 87 192 +79 126 +40 144+ 41 
(ng/mL) 


N.O, nitrous oxide; RBC, red blood cell. 
Values are mean + sp. 


15.0 ng/mL). However, 4 of the 23 patients having 
total hip replacements and 15 of 26 (a surprisingly 
high proportion) having resection of acoustic neuro- 
mas had low RBC folate values (normal range, 130- 
630 ng/mL) (Figure 1C). Weak but significant correla- 
tions were found between age and serum vitamin B,, 
(R = —0.411; P = 0.0034), age and serum folate (R = 
0.367; P = 0.0095), and age and RBC folate (R = 0.412; 
P = 0.0032). 

Aspects of anesthetic management, including the 
duration of anesthesia, were similar for the groups 
given anc not given N,O (Table 3). However, in 
patients not given NO, those having total hip re- 
placements received less morphine and more thio- 
pental, and both surgical populations required higher 
end-tidal concentrations of isoflurane (at times >60 
min) (Table 3). 

The ratios of formic acid-to-creatinine in urine (Fig- 
ure 2) and FIGLU-to-creatinine (Figure 3) did noi differ 
significantly between patients anesthetized with and 
without NO for total hip replacement. However, an 
85-yr-old woman given 60% N,O for 3.0 h (preopera- 
tive serum vitamin B}, level of 319 pg/mL, serum folate 
of 6.8 ng/mL, and RBC folate of 160 ng/mL) exhibited a 
10-fold increase in the formate-to-creatinine ratio in the 
recovery room after anesthesia (Figure 4A), and a 
fivefold increase in the FIGLU-to-creatinine ratio on 
postoperative day 2 (Figure 4B). 

In patients undergoing resection of acoustic neuro- 
mas (Figure 5), the ratios of formic acid-to-creatinine in 
urine did not differ between anesthetic groups at any 
time. However, the ratios of FIGLU-to-creatinine in- 
creased after induction of anesthesia in most (but not 
all) patients exposed to N,O, and were significantly 
(P = 0.0057) greater than the preoperative values at the 
end of anesthesia (Figure 6). In contrast, patients not 
given NO tended to have lower FIGLU-to-creatinine 
ratios than the N,O group, with a significant (P = 
0.0063) decrease from baseline at the operation’s mid- 
point (Figure 6). Values returned toward baseline by 
postoperative day 1 (Figure 6). 
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Table 3. Variables Associated With Anesthesia 


Hip replacements 


N-O 

Premedication 

Triazolam (n) 6 

Morphine (7) 5 
Thiopental (mg) 300 + 103 
Fentanyl (ug) 96 + 101 
Vecuronium (mg) 6.8 + 2.9 
Maintenance end-tidal isoflurane (%) 

10-60 min 0.38 + 0.24 

>60 min 0.32 + 0.11 
Duration of anesthesia (h) 3.0 + 0.8 


N-O, nitrous oxide. 
Values are given as numbers of patients or mean + $D. 
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Acoustic neuromas 


“Value in the no-N,O group significantly less than value in the N,O group at P < 0.05, using Fisher's exact test. 
’Values in the no-N,O group significantly greater than values in the NO group at P < 0.02, using unpaired t-tests. 
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Figure 2. Ratios of formic acid to creatinine in urine in patients 
having total hip replacements did not increase as a consequence of 
exposure to N,O (closed circles). Samples were obtained before 
anesthesia (PRE-OP), in the recovery room after anesthesia (PAR), 
and on days 1, 2, 3, 6, 9, 11, and 13 after anesthesia and surgery. 
The open circles represent values obtained in patients who did not 
receive N20. Some symbols overlap. 


Serum vitamin By, levels did not change on post- 
operative day 1 in either anesthetic group having 
resection of acoustic neuromas (Table 4, Figure 7). 
Serum folate levels tended to increase on the first 
postoperative day in patients exposed to NO, but 
they decreased in those not exposed (Table 4, Figure 
7). Red blood cell folate levels increased on postop- 
erative day 1 in all patients except one, independent 
of exposure to N,O (Table 4, Figure 7). 


Discussion 


The large increases in formic acid (9) and FIGLU (10) 
excretion in the urine of rats exposed to N,O proba- 
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Figure 3. Ratios of FIGLU to creatinine in urine in patients having 
total hip replacements did not increase as a consequence of 
exposure to NO (closed circles). The open circles represent values 
obtained in patients who did not receive N,O. For clarity of 
presentation on the logarithmic scale, ratios of 0.4 x 1077 or less 
are represented as 0.4 x 1074. Some symbols overlap. 


bly result from inactivation of methionine synthase 
and consequent intracellular depletion of active forms 
of tetrahydrofolate required for the enzymatic oxida- 
tion of formic acid to carbon dioxide (9) and catabo- 
lism of FIGLU (10,15). Our results demonstrate that 
excretion of these compounds in humans is less 
severely affected by N,O. Several possibilities might 
explain these species differences. First, inactivation of 
hepatic methionine synthase is slower in humans 
(half-time for inactivation, 1-2 h) (7,8) than in rodents 
(half-time for inactivation, 5-15 min) (8,16,17). How- 
ever, the duration of exposure to N,O in our patients 
should have resulted in >S0% inactivation of enzyme 
(Table 3). Second, humans may have sufficient tissue 
levels of active tetrahydrofolate derivatives to permit 
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Figure 4. Formic acid- (A) and FIGLU- (B) to-creatinine ratios in 
urine increased in an 85-yr-old woman given 60% NO for 3 h 
during total hip replacement. Note that the ordinate in this graph 
is linear, whereas the ordinates in Figures 2 and 3 are logarithmic. 


metabolism of formic acid and FIGLU, even after 
marked inactivation of methionine synthase. Al- 
though possible, this explanation is less likely be- 
cause rodents have higher hepatic tetrahydrofolate 
and formyltetrahydrolate levels than humans (18). 
Third, rodents and humans may differ in the way 
they produce, use, and/or eliminate formic acid and 
FIGLU. ` 

Although our patients demonstrated no extreme 
increases in formic acid and FIGLU excretion, the 
ratios of urinary FIGLU-to-creatinine increased in 
most (but not all) patients given N,O.for resection of 
acoustic neuromas (Figure 6). The FIGLU-to- 
creatinine ratio maximally increased 10-fold at the 
end of anesthetic exposure, but returned to control 
levels by the first postoperative day (Figure 6), imply- 
ing a rapid reversal of any perturbation in folate 
metabolism caused by N,O. This finding suggests 


KOBLIN ET AL. 
10000 tö 
e 
2 
T o NoNO 
E Š 
ui 
z 1000 
2 e 
= o o 
< eo 
LJ 
© 100 8 ° 
e e oO e ? 8 
T 9 B © o 
= e >? H o 
i T ye 
e wpe Fg eg fo 
= 9 : 
a : (9) e e e 
O o O 
1 
PRE-OP OR-MID  OR-END DAYI DAY 2 


Figure 5. Ratios of formic acid to creatinine in urine did not 
increase in patients anesthetized with N,O (closed circles) relative to 
those anesthetized without N,O (open circles) for resection of 
acoustic neuromas. Urine samples were obtained before anesthesia 
(PRE-OP), at the approximate midpoint of the operation (OR- 
MID), at the end of the operation (OR-END), and on days 1 and 2 
after anesthesia and surgery. Some symbols overlap. 
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Figure 6. Ratios of urinary FIGLU to creatinine in patients having 
resection of acoustic neuromas increased at the end of the opera- 
tion (OR-END) in patients given N,O (closed circles) compared with 
those not given N,O (open circles) (P < 0.001; Mann-Whitney test), 
and compared with values obtained before anesthesia (PRE-OP) 
(P = 0.0057; paired t-test). For clarity of presentation on the 
logarithmic scale, ratios of 0.7 x 1074 or less are represented as 0.7 
x 1074. Some symbols overlap. 


that relatively long exposure to N,O (Table 3) tran- 
siently depletes cellular forms of active tetrahydrofo- 
late in humans, thereby interfering with the break- 
down of FIGLU. 

In a preliminary study of six healthy, young adult 
volunteers exposed to 1.5 atm N.O for 2.2-4.9 atm-h 
who received daily oral loading doses of histidine for 
5 days after NO exposure, Hawkins et al. (19) found 
that urinary excretion of FIGLU increased approxi- 
mately twofold in two of the six subjects. Combined, 


NITROUS OXIDE AND FOLATE METABOLISM 


Table 4. Values for Serum B>, Serum Folate, and Red 
Blood Cell Folate in Acoustic Neuroma Patients, 
Postoperative Day 1 





NO No N,O 
Serum B,» 122124 —0.1 + 10.9 
Serum folate 10.2 + 25.2 —22.2 + 24.74 
RBC folate 30 + 31.5" 62 + 52.6" 


NO, nitrous oxide; RBC, red blood cell. 

Values expressed as percent change from preoperative values, and are 
given as mean + sD. 

"Significantly different from the N,O group, P = 0.005, by Mann- 
Whitney test. 

"Significantly greater than preoperative value, P < 0.005, by paired 
t-tests. 


PERCENT CHANGE FROM PRE-OP VALUE 





60° SERUM 


SERUM RBC 
VITAMIN B12 FOLATE FOLATE 


Figure 7. As a percentage of control values obtained before anes- 
thesia, serum vitamin B,, and folate and RBC folate levels obtained 
the day after resection of acoustic neuromas either did not change 
(serum vitamin B,,), increased (P = 0.005; Mann-Whitney test) in 
patients given versus not given N,O (serum folate), or increased 
(P < 0.005; paired t-tests) regardless of N,O administration (RBC 
folate). Some symbols overlap. 


these results and ours imply that humans may de- 
velop a mild, transient functional folic acid deficiency 
after more than 3 atm-h of exposure to N,O. 

No patient in either surgical group had abnormally 
low preoperative values for serum vitamin B,, or folic 
acid (Figures 1A, 1B). However, preoperative RBC 
folate levels, which are a better indicator of folate 
tissue stores (20), were low (<130 ng/mL) in 17% 
(4/23) of patients having total hip replacements. This 
percentage is within the 5%-60% range of elderly 
patients reported to be deficient in RBC folate (21). 
An unexpected finding was that 15/26 (58%) patients 
(9/15 anesthetized with NO) undergoing resection of 
acoustic neuromas also were deficient in RBC folate, 
and many of the remaining patients had low-normal 
levels. These low values in this selective surgical 
population could not be attributed to the effects of 
medications given before surgery. 
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Changes in serum and RBC folate levels after 
anesthesia in patients having resection of acoustic 
neuromas (Table 4, Figure 7} were consistent with 
previously reported trends. The higher levels: of se- 
rum folate in patients given N,O confirm earlier 
findings in both animals and humans. That is, plasma 
folate levels increase approximately twofold in rats 
after an 8-h exposure to 50% N,O (22), and serum 
folate levels increase similarly in vascular surgery 
patients exposed to 70% NO for 24 h (23). The lower 
levels of serum folate we found on postoperative day 
1 in those anesthetized without N,O also reiterate 
previous findings (23). The mechanism underlying 
increased serum folate levels after N.O exposure is 
not known, but may be related to impaired hepatic 
uptake of folate (24). It is also unclear why RBC folate 
content would increase 1 day after anesthesia and 
surgery independently of exposure to NO (Table 4, 
Figure 7). This finding does not appear to be related 
to perioperative administration of blood or vitamins, 
because transfusions were given to only 4/26 acoustic 
neuroma patients and only two patients were known 
to receive vitamin supplements. 

Serum vitamin By, levels in patients undergoing 
resection of acoustic neuromas did riot change on the 
first postoperative day, independent of exposure to 
NO (Table 4, Figure 7). Previous results have also 
shown no change in serum vitamin B,, levels 24 h 
after >4 h of exposure to 66% N,O in oxygen and 
halothane (25), or at the end of a 24-h administration 
of NO to three patients undergoing surgery for 
repair of aortic aneurysms (26). 

None of the 49 patients examined in this: study (25 
of whom received NO) exhibited extreme or persist- 
ent elevations in the excretion of formic acid or 
FIGLU in urine, suggesting that a severe functional 
deficiency in folic acid did not occur. In addition, the 
levels of vitamins in the blood did not correlate with 
the maximal elevation in formic acid or FIGLU. In- 
deed, some elderly individuals with a deficiency in 
RBC folate and low-normal levels of serum vitamin 
B- received N,O without an apparent effect on folate 
metabolism. For example, a 73-yr-old man with a 
preoperative serum vitamin B,, level of 236 pg/mL 
and a RBC folate of 51 ng/mL was given 60% N,O for 
4.5 h, and a 72-yr-old woman with a serum vitamin 
Bız level of 229 pg/mL and RBC folate of 105 ng/mL 
was given 60% N,O for 2.8 h without demonstrating 
enhanced excretion of formic acid or FIGLU in urine. 
Although an occasional patient may be highly sus- 
ceptible to the disruptive effect of NO on folate 
metabolism (3,4), this would appear to be a rare 
event. One elderly woman who received NO for 3 h 
(Figure 3) had transient elevations in formic acid and 
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FIGLU levels in urine. However, the smallness and 
transience of the changes observed probably indicate 
only a mild functional deficiency in folic acid. Fur- 
thermore, the absence of significant neurologic (27) or 
hematologic (28) abnormalities or other adverse out- 
comes (29) in these patients suggests that these 
effects do not have toxic consequences. 

A limitation of the present study is that long-term 
follow-up of these patients was not performed. The 
possibility remains that some patients might develop 
signs and/or symptoms of vitamin B,, or folate defi- 
ciency at times quite removed from the acute expo- 
sure to NO. For example, in the case reports of 
Schilling (3) and Berger et al. (4), symptoms of 
vitamin B}, deficiency appeared 1-5 mo after N,O 
exposure. The mechanism behind such a delayed 
action of N,O is unclear, but it is conceivable that 
certain patients may exhibit a very slow de novo 
synthesis of methionine synthase after N,O inactiva- 
tion, have enough stores of active folate to continue 
normal metabolic processes involving vitamin B,, 
and folate for a limited time period, and then even- 
tually become depleted of active tissue folate. How- 
ever, because most animal and human studies have 
shown the N,O-induced perturbation in vitamin B,, 
and folate metabolism to revert toward normal after 
removal of NO, we believe this explanation is un- 
likely. 

In summary, the marked elevations of urinary 
formic acid and FIGLU that are observed in rats after 
exposure to N,O are not found in patients, even after 
prolonged exposure to N,O. Transient elevations in 
the excretion of FIGLU in urine may be found in some 
patients after NO exposure, suggestive of a mild 
functional deficiency in folic acid, but one without 
clinical consequences. 


The authors thank John Osterloh, Mp, for his help and advice 
concerning the assay for formic acid. 
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Hematologic Effects of Nitrous Oxide in Surgical Patients 


Frederic M. Waldman, MD, PhD, Donald D. Koblin, MD, George H. Lampe, MD, 
Linda Z. Wauk, RN, and Edmond I. Eger IJ, MD 


WALDMAN FM, KOBLIN DD, LAMPE GH, WAUK LZ, 
EGER EI Il. Hematologic effects of nitrous oxide in 
surgical patients. Anesth Analg 1990;71:618-24. 


Nitrous oxide can cause hematologic abnormalities, includ- 
ing death, if it is administered for several days. However, 
the adverse hematologic effects of its use for surgical 
anesthesia are unclear. Accordingly, we have studied the 
hematologic responses of patients undergoing procedures 
involving hematologic stress or prolonged anesthesia with 
and without nitrous oxide. We measured red cell count, 
hemoglobin concentration, mean red cell volume, reticulo- 
cyte count, platelet count, mean platelet volume, blood 


Nitrous oxide (N20) inactivates the vitamin B,, moi- 
ety of the enzyme methionine synthase (1,2). This 
inactivation disrupts biosynthetic pathways active in 
folate metabolism, impairs DNA synthesis, and can 
induce bone marrow depression like that associated 
with By, deficiency. 

Lassen et al. first described the hematologic toxic- 
ity of prolonged N,O administration in patients being 
treated for tetanus (3). Others have confirmed such 
toxicity (4-8) and demonstrated N,O-induced mega- 
loblastic bone marrow failure with peripheral cytope- 
nia. Bone marrow cells exposed to N,O exhibit an 
abnormal response to the deoxyuridine suppression 
test, reflecting an impaired pathway for de novo 
thymidine synthesis due to inactivation of methio- 
nine synthase (7,9-13). 

Although administration of N,O for several days 
produces untoward hematologic changes, only two 
anecdotal reports suggest such adverse effects in 
surgical patients undergoing anesthesia for more 
usual periods of time (14,15). Accordingly, we have 
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leukocyte level, and leukocyte differential in patients under- 
going total hip arthroplasty or removal of an acoustic 
neuroma. Nitrous oxide did not affect the production of red 
blood cells or platelets. Nitrous oxide treatment was asso- 
ciated with an increase in postoperative leukocyte levels that 
was modestly but significantly smaller than that found in 
patients not given nitrous oxide. There was no evidence that 
this small decrease in maximal leukocytosis adversely af- 
fected clinical outcome. 


Key Words: ANESTHETICS, Gases—nitrous oxide. 
BLOOD—hematologic responses to nitrous oxide. 


measured the changes in peripheral blood cells in 
patients undergoing procedures involving hemato- 
logic stress and prolonged anesthesia with and with- 
out NO. 


Materials and Methods 


Twenty-three patients scheduled for elective total hip 
arthroplasty (orthopedic patients) and 26 patients 
scheduled for resection of an acoustic neuroma (neu- 
rosurgical patients) consented to participate in our 
institutionally approved study. All patients received 
isoflurane, thiopental, and vecuronium, but were 
randomly assigned to receive 50%-70% N-O or 100% 
oxygen (O). In addition, orthopedic patients re- 
ceived spinal (tetracaine) or epidural (lidocaine) an- 
esthesia. Premedication (triazolam and/or morphine 
or none) and the intraoperative use of fentanyl and 
edrophonium/atropine were controlled by the attend- 
ing anesthesiologist, not by study protocol. Inhaled 
isoflurane concentrations and doses of tetracaine and 
lidocaine used were adjusted to maintain appropriate 
levels of anesthesia. 

Preoperatively, we measured levels of serum vita- 
min B}, serum folate, and red blood cell (RBC) folate 
using standard radioassays (CIBA Corning Diagnos- 
tics). Preoperative peripheral venous blood samples 
were drawn in the operating room or up to 1 day 
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Table 1. Patient Demographics 


Orthopedic 

N,O 
n 12 
Age (yr) 66 + 12.5 
Sex (% male) 25 
Duration of anesthesia (h) 3.0 + 0.8 
Serum B; (pg/mL) 472 + 320 
Serum folate (ng/mL) 9643.4 
RBC folate (ng/mL) 190 + 87 
Blood loss (mL) 1612 + 594 
Autotransfusions (U/patient) 1.1 
Other transfusions (U/patient) 0.4 


619 


O, NAD O, 
11 13 13 
64 + 9.3 49.7 + 10.8 47.6 + 10.2 
50 77 62 
3.6412 93+2.4 9.9 + 3.8 
421 + 168 568 + 226 518 + 148 
10.5 + 4.2 7.6 + 4.0 6.4 + 2.5 
192 + 79 126 + 40 144 + 41 
1740 + 866 448 + 184 456 + 321 
1.9 0 0.3 
0.6 0 0.1 


NO, nitrous oxide; O, oxygen; RBC, red blood cell. 


Except for number (n), sex, autotransfusion3, and other transfusions, values are expressed as mean + SD. 


before surgery. When possible, postoperative sam- 
ples were drawn at days 1, 2, 3, 6, 9, and 11 after 
surgery for orthopedic patients and on days 1, 2, 3, 4, 
and 5 for neurosurgical patients. Preoperative and 
postoperative measurements of peripheral blood he- 
moglobin (Hb, g/dL), RBC count (10°/uL), mean red 
cell volume (fL), red cell distribution width (%, the 
coefficient of variation of the red cell volume mea- 
surement), platelet count (10°/uL), mean platelet vol- 
ume (fL), absolute white blood cell (WBC) count, 
(10°/uL), and white cell differential (absolute values, 
10°/uL) were made by an automated counter (H1, 
Technicon Instruments, Tarrytown, N.Y.). Reticulo- 
cyte counts (10°/uL) were obtained by staining blood 
samples with thioflavin T or ethidium bromide; the 
count obtained with each technique was calibrated 
with appropriate controls to maintain equivalent re- 
sults. Cells were analyzed by flow cytometry because 
this technique measures the RNA content of 10,000 
red cells and is more reliable and accurate than 
previously used manual methods (16,17). Hyperseg- 
mentation of neutrophils was measured both as mean 
lobes per nucleus in 200 neutrophils and as a percent- 
age of neutrophils having five or more lobes (lobes 
must be separated from each other by a thin fila- 
ment). 

We compared hematologic values obtained during 
anesthesia with and without N.O within and be- 
tween the two surgical groups using Student’s t-tests. 
We calculated absolute hematologic values, absolute 
changes from baseline, and the proportional change 
from baseline for each day of study. Data from one 
patient who had a preoperative WBC count of 
19,000/L were excluded from the analyses of white 
count and neutrophils. 


Results 


Age and sex did not differ between patients given 
N20 or O, for either orthopedic or neurosurgical 
groups (Table 1). Orthopedic patients were older 
than neurosurgical patients, and the duration of 
anesthesia was appreciably shorter for orthopedic 
patients. 

Preoperative levels of serum B,,, serum folate, and 
RBC folate did not differ between the two anesthetic 
groups. However, orthopedic and neurosurgical 
groups differed, orthopedic patients having signifi- 
cantly higher RBC folate and serum folate levels (P < 
0.006) preoperatively, with a trend toward higher 
serum Bj, in neurosurgical patients (P = 0.156). Low 
RBC folate levels (<130 ng/mL) occurred in 4 of 23 
orthopedic patients, but in 15 of 26 neurosurgical 
patients. 

The two anesthetic groups did not differ in intra- 
operative or postoperative blood loss and transfusion 
requirement (Table 1). However, orthopedic patients 
lost more blood (1670 mL) than neurosurgical pa- 
tients (452 mL, P < 0.0001) and had greater transfu- 
sion requirements (2.0 U vs 0.2 U per patient). 
Orthopedic patients had routinely donated 2-3 autol- 
ogous units in the 6 wk preceding surgery, and 82% 
of transfused units were autologous. 

Postoperatively, RBC counts initially decreased. 
(Tables 2 and 3, Figure 1), then returned toward 
preoperative levels, with no difference between an- 
esthetic groups. Blood Hk concentration paralleled 
RBC count, with decreases on days 1 and 2, then a 
return toward baseline, with no detectable effect of 
N0. Preoperatively, RBC and Hb values were below 
normal for orthopedic patients due to recent dona- 
tions (Hb normal range: women—12-16 g/dL, men— 
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Table 2. Hematologic Values in Orthopedic Patients 


Variable 0 1 2 
RBC count 
O, n= 11 n= 10 n= 10 
3.66 + 0.14 3.28 + 0.12 3.21 + 0.14 
NO n = 12 n= 12 n= 12 
3.60 + 0.12 3.36 + 0.09 3.32 + 0.10 
Hb 
O, n = Il n= 10 n = 10 
11.6 + 0.4 10.4 + 0.3 10.3 + 0.5 
N.O n= 42 n= 12 n= 12 
11.3 + 0.4 10.3 + 0.3 10.4 + 0.4 
MCV 
O, n= l] n= 10 n= 10 
93.8 + 1.4 94.2 + 1.5 93.9 + 1.6 
N,O n+ 12 n=12 n = 12 
92.6 + 1.4 92.3 + 1.3 92.2 + 1.2 
Reticulocytes 
O, n= 10 n= 10 n=9 
91+ 15 94 + 13 81 + 10 
N-O n= 10 n= 11 n= 10 
73+ 8 80 + 10 81 + 8 
Platelets 
O, n= 1 n = 10 n= 10 
287 + 19 245 + 16 226 + 15 
NO n= 12 = 42 n= 12 
263 + 25 206 + 16 195 + 17 
WEC count 
OQO, n= 11 n=10 n= 10 
5.2 + 0.4 9.0 + 0.8 9.7 + 0.7 
NO n= 12 n= 12 n= 12 
6.0 + 0.8 8.8 + 0.8 8.8 + 0.8 
Neutrophils 
2 n= 11 n= 10 n=9 
3.10.3 TIO 7.4 + 0.7 
NO n=12 = 11 n= 12 
3.4 + 0.5 6.8 + 0.7 6.9 + 0.6 
Neut seg 
O, n= 10 
1.87 + 0.10 
N,O n = 12 
1.94 + 0.09 


a 


WALDMAN ET AL. 
Postoperative day 
3 6 9 11 
n=l n= 10 n=9 n=9 
3.42 + 0.15 3.56 + 0.14 3.59 + 0.17 3.55 + 0.17 
n= 12 n= 1] n= 10 n= 8 
3,37 + 0.10 3.39 + 0.13 3.77 + 0.16 3.58 + 0.13 
n= 11 n= 10 n=9 n=9 
10.9 + 6.5 11.3 + 0.4 11.3 + 0.5 11.1 + 0.5 
n= 12 n=l n= 10 n= 8 
10.4 + 0.4 10.4 + 0.5 11.5 + 0.5 10.9 + 0.5 
n = 11 n = 10 n=9 n=9 
93.8 + 1.4 94.2 £ 1.5 93.7 + 1.0 94.3 + 1.1 
n = 12 n= 1} n= 10 n=8 
91.9 + 1.5 94.2 + 1.3 91.5 + 1.0 92.6 + 0.9 
n= 10 n= 10 n=7 n=8 
99 + 10 118 + 20 95 + 10 100 + 12 
n= 11 n= 11 n=8 n=8 
89 +8 84 + 11 102 + 10 98 + 18 
n= Tl n= 10 n=9 n=9 
239 + 15 369 + 24 494 + 47 576 + 59 
n= 12 n= 11 n= 10 n= 8 
209 + 15 342 + 20 473 + 40 489 + 40 
n = 11 n= 10 n= 9 n=9 
9.2 + 0.7 7.9 + 0.3 7.9+0,5 8.5+ 0.5 
n= 12 n= 11 n= 10 n= 8 
8.2 + 0.9 Ve Men ae | 7.6 + 0.8 7.4+ 0.8 
n= 10 n= 10 n=8 Ss 
7552 0.5 5.1+ 0.4 5.0 + 0.5 6.0+0.5 
n = 11 = 11 n= n=8 
6.2 + 0.8 5.1 + 0.9 48+ 0.8 48+ 0.7 
n= 10 n= 7 n=5 
1.73 + 0.07 1.62 + 0.11 1.76 + 0.04 
n=1] n= 10 n=9 
1.74 + 0.05 1.73 + 0.08 1.82 + 0.07 


RBC, red blood cell; O2, oxygen; N20, nitrous oxide; Hb, hemoglobin; MCV, mean red cell volume; WBC, white blood cell; Neut seg, mean neutrophil 


lobe count. 
Values are mean + SEM. 


13.5-17.5 g/dL; RBC normal range: women—4-5.2 x 
10°%/mm?, men—4.2-5.6 x 10°/mm?). 

Mean red cell volume and red cell distribution 
width showed no consistent effect of N,O and no 
trends during the postoperative course. The reticulo- 
cyte count increased postoperatively in most pa- 
tients, with no discernable effect of NO; however, 
the large variability in reticulocyte count may have 
masked any. effect. 

Platelet count decreased on postoperative days 1-3 
in orthopedic patients, followed by rebound throm- 
bocytosis to levels approximately twice baseline on 


days 6, 9, and 11 (Figure 2). No effect of N,O was 
observed in either orthopedic or neurosurgical pa- 
tients. 

The effect of NO on WBC production was mea- 
sured by leukocyte number and by neutrophil 
segmentation. In orthopedic patients, WBC count 
increased on the first postoperative day, then de- 
creased gradually during the rest of their hospital 
stay (Figure 3). Orthopedic patients given N,O hada 
smaller proportional increase in WBC count than 
those given O,. This difference between anesthetic 
groups was most significant on day 2 (P = 0.06) and 


HEMATOLOGIC TOXICITY OF NITROUS OXIDE 


Table 3. Hematologic Values in Neurosurgical Patients 


Variable Preoperative 1 
RBC count 
O, n = 12 n=13 
4.20 + 0.11 3.87 + 0.12 
NO n=13 n= 12 
4.54 + 0.17 4.24 + 0.21 
Hb 
O, n = 12 n= 12 
12.9 + 0.3 11.9 + 0.4 
NO n=13 n = 12 
14.1 + 0.4 13.2 + 0.5 
MCV 
O; n= 12 n= 13 
90.0 + 1.8 89.8 + 1.6 
N,O n= 13 n= 12 
90.6 + 1.8 90.5 + 1.8 
Reticulocytes 
O, n=12 
127 + 11 
N,O n = 13 
102 + 11 
Platelets 
O, n = 12 
280 + 13 
N,O n=13 
316 + 37 
WBC count 
O2 n = 11 n = 12 
6.0 + 0.5 14.7 + 1.1 
N-O n=13 n=12 
6.3 + 0.5 13.6 + 0.8 
Neutrophils 
2 n= 11 
3.8 + 0.5 
N,O n= 13 
4.0 + 0.4 
Neut seg 
O, n= 10 
2.10 + 0.09 
NO n=8 
1.96 + 0.07 
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Postoperative day 
2 3 5 
n=9 n=7 n=9 
3.78 + 0.15 3.79 + 0.19 3.98 + 0.16 
n= n=9 n=7 
3.87 + 0.20 4.11 + 0.26 4.57 + 0.35 
n=8 n= 7 n=9 
11.6 + 0.6 11.9 + 0.7 12.0 + 0.4 
n= 8 n= 9 n=7 
12.1 + 6.5 12.6 + 0.6 13.8 + 0.8 
n=9 n=7 n=9 
88.3 + 1.3 90.9 + 2.0 88.4 + 1.9 
n= 8 n=9 n=7 
93.3 + 2.0 90.9 + 2.2 87.4 + 2.7 
n=9 
136 +5 
n= 12 
95 +9 
n=9 
301 + 28 
n=8 
365 + 42 
n=8 n= 6 n=8 
14.3 + 1.5 14.4 + 3.1 92 +07 
n=8 n= n=7 
13.0 + 1.1 10.4 + 0.8 8.1+0.3 
n=8 
6.5 + 0.6 
n=7 
5.3 + 0.2 
n= 10 
2.0 + 0.07 
n=8 
1.93 + 0.08 


RBC, red blood cell; Oz, oxygen; N,O, nitrous oxide; Hb, hemoglobin; MCV, mean red cell volume; WBC, white blood cell; Neut seg, mean neutrophil 


lobe count. 
Values are mean + SEM. 


day 3 (P = 0.02). Increases in neutrophil number 
accounted for most of the increase in WBC count 
(Figure 4); the greatest difference between orthopedic 
patients given NO versus those given O, alone was 
seen on day 3 (P = 0.05). Neurosurgical patients had 
a similar pattern of increased WBC and neutrophil 
counts immediately after surgery, followed by a de- 
crease toward baseline values (Figure 3). Again, pa- 
tients given NO had smaller proportional increases 
than those given O, alone, but this difference was not 
significant on any given day. 

The presence of hypersegmented neutrophils in 


peripheral blood is pathognomonic of B, deficiency 
and is due to abnormal DNA synthesis associated 
with altered methionine synthase activity. There was 
no evidence of increased numbers of hyperseg- 
mented neutrophils having five or more lobes in any 
group. Values for the two anesthetic groups did not 
differ. The two anesthetic groups also did not differ in 
average lobe count per cell (Tables 2 and: 3). In fact, 
lobe counts tended to decrease immediately postop- 
eratively, perhaps due to a slight left shift in neutro- 
phil maturity associated with the increase in neutro- 
phil number. 
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Figure 1. Change in RBC count after surgery as a proportion of the 
preoperative (day 0) value. AC, acoustic neuroma controls; AN, 
acoustic neuroma patients given N,O; HC, hip surgery controls; 
HN, hip surgery patients given N,O. 
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Figure 2. Change in platelet count after surgery as a proportion of 
the preoperative (day 0) value. AC, acoustic controls; AN, acoustic 
patients given N,O; HC, hip surgery controls; HN, hip surgery 
patients given N,O. 


Discussion 


Despite the known effect of NO on DNA synthesis 
mediated by methionine synthase (7,9), despite the 
hematopoietic stress imposed by blood loss in ortho- 
pedic patients, and despite the prolonged 9-h expo- 
sure to N,O in neurosurgical patients, measures of 
red cell mass (RBC,. Hb, mean red cell volume, red 
cell distribution width, and reticulocytes) were not 
affected by the use of N20. Absence of an effect may 
be just that: even the “prolonged” exposure in our 
patients (9 h) may be insufficient to impair he- 
matopoiesis. Alternatively, a subtle impairment may 
have occurred but been masked by other factors such 
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Figure 3. Change in WBC count after surgery as a proportion of 
the preoperative (day 0) value. AC, acoustic neuroma controls; 
AN, acous-ic neuroma patients given N,O; HC, hip surgery 
controls; HN, hip surgery patients given N,O. 
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Figure 4. Change in neutrophil count after surgery as a proportion 
of the preoperative (day 0) value. AC, acoustic neuroma controls; 
AN, acoustic neuroma patients given N,O; HC, hip surgery 
controls; HN, hip surgery patients given NO. 


as the variability caused by blood loss and. transfu- 
sion. Additionally, our measures of hematopoiesis 
may have been too insensitive to reveal shifts in red 
cell production capacity. Mean measures of the entire 
red cell population (mean red cell volume, red cell 
distribution width) may not be sensitive to small 
shifts in production unless effects are chronic in 
nature. 

In orthopedic patients, reticulocyte counts may not 
have reflected the patient’s postoperative production 
capacity because (a) most patients were stimulated to. 
produce reticulocytes preoperatively by blood dona- 
tion; and (b) patients were then given autologous 
blood transfusions that had variable reticulocyte con- 


HEMATOLOGIC TOXICITY OF NITROUS OXIDE 


tent. Neurosurgical patients were not subjected to 
appreciable blood loss, so that their capacity for 
production of reticulocytes was not challenged. 

Postoperatively, platelet number initially de- 
creased. There followed a rebound thrombocytosis, 
the expected response of the bone marrow to blood 
loss or thrombocytopenia (18). Administration of 
N,O did not affect this response. The lack of effect of 
N2O might be due to the large reserve of potential 
platelets residing in existing megakaryocytes. That is, 
the production of platelets might not require DNA 
synthesis. 

Total WBC counts (and total neutrophils) in- 
creased postoperatively in both orthopedic and neu- 
rosurgical patients. Orthopedic patients given N.O 
had a smaller leukocyte increment than those given 
O,. A similar but not statistically significant trend 
was seen in neurosurgical patients. Neutrophil seg- 
mentation was not affected by the use of N,O. 
Impaired neutrophil production mediated by inacti- 
vation of methionine synthase should not be appar- 
ent until 2-3 days after surgery (the minimal time for 
blasts/promyelocytes to mature and be released to the 
periphery), yet leukocyte levels increased within the 
first 2 postoperative days. Therefore, the effect of 
N-20 on the neutrophilic response, if any, is probably 
due to an effect on hormonal mediators of stress 
rather than on DNA synthesis. Even if that is so, NO 
did not limit neutrophil production within 24-48 h of 
surgery. 

The. slightly smaller rise in leukocytes in patients 
given NO might reflect a decreased capacity to meet 
the stress of infection. However, the difference, albeit 
statistically significant, was small, and was not asso- 
ciated with an increased incidence of infection in 
patients given NO. We do not believe that the 
decrease in leukocyte levels associated with N,O 
significantly affected the clinical outcomes of our 
patients. The absence of a clinically relevant effect is 
supported by similar findings in additional studies of 
the effects of NO on organ function and folate and 
vitamin B}, metabolism (19-22). It also is suggested 
by a comparison of the clinical outcomes of our two 
surgical groups. If a difference due to N,O is medi- 
ated through an effect on leukocytosis, one might 
expect a trend toward an increased incidence in 
untoward outcomes in neurosurgical patients given 
N-O because the duration of anesthesia in these 
patients was three times that in patients undergoing 
orthopedic replacement. No such increase in unto- 
ward outcomes was found. 

One may argue that N,O may be harmful to a 
particular subset of patients, such as those with 
severe B}, or folate deficiency (15). However, our 
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population included elderly patients and patients 
with low RBC folate levels (especially in the neuro- 
surgical group). Absence of an appreciable effect on 
hematologic variables in these patients after 9 or more 
hours of an anesthetic including N O suggests that 
this agent should not present a problem, even in 
patients having a mild folate (or B42) deficiency. It 
also suggests that N,O may be included in the 
anesthetic regimen of most surgical patients without 
compromising postoperative hematologic function. 
However, we cannot exclude the possibility that 
severe B,, or folate deficiency might predispose pa- 
tients to adverse sequelae with administration of 
N,O. 


We gratefully acknowledge the assistance with study design and 
statistical analysis provided by Dr. David Heilbron and Mark 
Spitalny. We also thank Dr. Laurence Corash and Winifred von . 
Ehrenberg for reviewing the manuscript.’ * = 
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Thoracic Epidural Anesthesia Improves Global and Regional Left 
Ventricular Function During Stress-Induced Myocardial Ischemia in 
Patients With Coronary Artery Disease 


Maria Kock, MD, Sture Blomberg, MD, PhD, Hakan Emanuelsson, MD, PhD, 
Milan Lomsky, MD, Sven-Olof Strömblad, MD, and Sven-Erik Ricksten, MD, PhD 


KOCK M, BLOMBERG S, EMANUELSSON H, 

LOMSKY M, STROMBLAD S-O, RICKSTEN §-E. Thoracic 
epidural anesthesia improves global and regional left 
ventricular function during stress-induced myocardial 
ischemia in patients with coronary artery disease. Anesth 
Analg 1990;71:625-30. 


The aim of the present investigation was to study the effects 
of high thoracic epidural anesthesia (TEA), including the 
cardiac sympathetic segments, on ischemic ST-segment 
changes and left ventricular global and regional wall motion 
abnormalities. Ten patients with a two- or three-vessel 
coronary artery disease, all treated with the B-adrenergic 
blocker metoprolol because of severe stable angina pectoris, 
performed two identical exercise stress tests, the first 
without TEA (control exercise) and the second with TEA 
(TEA exercise). Before each stress test, intravenous meto- 
prolol was given to achieve maximal or near maximal 
B-adrenoceptor blockade. Systolic and diastolic arterial 
pressures (radial artery cannula), heart rate, and rate- 
pressure product, as well as global and regional ejection 
fractions, using equilibrium radionuclide angiography in 
the left anterior oblique projection, were measured at rest 
and during maximal exercise. ST-segment analysis (V or 


During myocardial ischemia cardiac sympathetic af- 
ferents are activated, which is essential for the per- 
ception of cardiac pain (1). Thoracic epidural anesthe- 
sia (TEA), with a selective blockade of cardiac 
sympathetic segments, has been shown to be effec- 
tive in the treatment of severe chest pain in patients 
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V;) was performed, and the regional wall motion score was 
calculated at control exercise and TEA exercise. Intrave- 
nous metoprolol or intravenous metoprolol plus TEA at rest 
did not cause any significant changes of any of the variables. 
During TEA exercise, systolic arterial pressure, diastolic 
arterial pressure, and rate-pressure product, but not heart 
rate, were significantly lower compared to control exercise. 
The global and anterolateral ejection fractions were signif- 
icantly higher (52.8% versus 46.5% and 53.2% versus 
46.0%, respectively, P < 0.05), and the regional wall 
motion score was significantly lower (8.8 versus 11.8, P < 
0.01) during TEA exercise than during control exercise. 
ST-segment depression was significantly lower during TEA 
exercise (—1.03 versus —1.84 mV, P < 0.01). It is 
concluded that cardiac sympathetic blockade with TEA, in 
patients with coronary artery disease, improves ischemia- 
induced left ventricular global and regional wall motion 
abnormalities at a certain physical stress, associated with 
less pronounced ST-segment depression. 


Key Words: ANESTHETIC TECHNIQUES, 
EPIDURAL—myocardial function. HEART, 
ISCHEMIA—thoracic epidural anesthesia. 


with myocardial intarction (2,3). Recently, it was 
demonstrated that TEA effectively controls pain also 
in patients with unstable angina pectoris and chest 
pain at rest in spite of maximal pharmacologic treat- 
ment, including nitroglycerin infusion (4). Further- 
more, it has been reported that during anginal pain, 
TEA induces a decrease in systolic arterial pressure, 
heart rate, and left ventricular filling pressure, 
whereas coronary perfusion pressure is maintained 
(5). Thus, during ischemic chest pain at rest, TEA 
reduces the major determinants of myocardial oxy- 
gen demand, associated with an attenuation of ische- 
mic ST-T segment changes in some patients. In 
addition, it was shown that during myocardial ische- 
mia, TEA may, if anything, improve left ventricular 
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Table 1. Clinical Data and Angiographic Findings 
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MI, myocardial infarction. 


performance as the TEA-induced decrease in left 
ventricular filling pressure was accompanied by an 
unchanged stroke volume (5). 

The aim of the present investigation was to study 
in more detail the effects of cardiac sympathectomy 
by TEA on left ventricular function during myocardial 
ischemia. Patients with stable angina pectoris due to 
documented coronary artery disease performed two 
identical exercise stress tests in the supine position, 
one with and one without TEA. Ischemia-induced 
changes in left ventricular global and regional wall 
motion abnormalities were studied using equilibrium 
radionuclide angiocardiography. 


Materials and Methods 


This study was approved by the Human Ethics Com- 
mittee of the University of Gothenburg. Patients 
undergoing routine coronary angiography because of 
severe but stable angina pectoris were, after informed 
consent, included if they (a) were maintained on 
treatment with B-blockers, and (b) had ST-segment 
depression =1 mV on anterolateral leads (V3, Vs) 
during a standardized exercise stress test. Ten pa- 
tients participated in the study, and their individual 
data, including cardiac history, angiographic find- 
ings, and cardiac miedication, are shown in Table 1. 
The mean age of the patients was 58 + 3 yr (range, 
47-73 yr). Five patients: had previous myocardial 
infarction(s). All patients had a two- or three-vessel 
coronary artery disease, and occlusion of the left 
main stem artery was seen in two patients. 


Thoracic Epidural Anesthesia 


The thoracic epidural catheter was inserted the day 
before the experimental procedure. The catheter was 
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inserted through one of the third to fifth thoracic 
vertebral interspaces, employing a median approach 
and the loss of resistance technique. The aim was to 
place the tip of the catheter at the T,-T, level. After an 
initial test dose of 2 mL, incremental doses of 1-2 mL 
of bupivacaine (5 mg/mL) were injected every 10 min 
to induce a blockade of, at the least, cardiac sympa- 
thetic segments Tis. The extent of blockade was 
evaluated 20-30 min after the last injection by mea- 
suring the extent of loss of temperature discrimina- 
tion ability. The individually titrated amounts of 
epidural bupivacaine were given on the experimental 
day. 


Equilibrium Radionuclide Angiocardiography 


Patients’ own red blood cells were labeled with 925 
MBq of technetium 99m using standard in vivo-in 
vitro labeling techniques. Imaging was performed 
with a srnall field of view single-crystal gamma cam- 
era in the left anterior oblique position that best 
separated the right and left ventricles and with 20° 
caudal tilt. The gamma camera was interfaced to a 
computer system. Studies were done with the pa- 
tients in the supine position. Data were collected in 
frame mode using 32 frames per K-R interval with the 
gate tolerance +10% of the cardiac cycle. The com- 
puter rejected premature beats and the following 
beats. The acquisition was stopped when the left 
ventricular region of interest contained approxi- 
mately 150 counts/pixel. 

The left ventricular time-activity curve was gener- 
ated using a semiautomated edge-detection algo- 
rithm with varying region of interest. Ejection frac- 
tion and peak filling rate were calculated from left 
ventricular time-activity curve after background sub- 
traction and filtering by a Fourier amplitude and 
phase fit that retained only the first six harmonics of 
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Table 2. Effects of Metoprolol and Metoprolol Plus Thoracic Epidural Anesthesia on Hemodynamics and Global and - 
Regional Left Ventricular Function at Rest 
SAP DAP HR RPP (beats/min Xx 
(mm Hg) (mmHg) (beats/min) mm Hg x 10°) GEF (%) REF, (%) REF, (%) REF, (%) 
Control 147 £7 67 = 3 Do 23 8.6 + 0.4 9.123.3 C6459 S324258 49.62 3.7 
Metoprolol 148 + 8 TA mes 96:2 e A 9237 GUTIN S2.925.5 47,0227 
Metoprolol + TEA 134+9 68 + 3 DJE 2 7.9 + 0.6 56.8 £ 3.0 606452 535459 46.2 +43.1 


SAP, systolic arterial pressure; DAP, diastolic arterial pressure; HR, heart rate; RPP, rate-pressure product; GEF, global ejection fraction; REF}, anterolateral 
regional ejection fraction; REF,, apicoposterior regional ejection fraction; REF3, anteroseptal regional ejection fraction; TEA, thoracic epidural anesthesia. 


hoe 


. 
` 
a chee ane’ 
Ce hc he 
ee a t Coa 
moe fe “ 


the curve. The fourth, fifth, and sixth harmonics were 
multiplied by 0.75, 0.5, and 0.25, respectively. Global 
left ventricular ejection fraction (GEF) was calculated 
by subtracting end-systolic from end-diastolic counts 
and dividing by end-diastolic counts. 


Regional Ejection Fraction 


The left ventricle was automatically subdivided into 
four sectors around the center of mass. One sector 
(60°) corresponded to the valvular plane and was 
eliminated. The other sectors were in the left anterior 
oblique projection attributed to the anterolateral 
(120°) (REF,), to the apicoposterior (60°) (REF,), and 
to the anteroseptal (120°) areas (REF3). Regional ejec- 
tion fraction (REF) was calculated from end-diastolic 
and end-systolic counts as described above. 


Regional Wall Motion Score 


The left ventricular wall was divided arbitrarily into 
six segments, two segments each of the anteroseptal, 
apicoposterior, and anterolateral wall. Two experi- 
enced nuclear physicians graded the wall motion of 
each segment according to a regional wall motion 
score used in our laboratory in which 1 corresponds 
to normal wall motion; 2 to mild/moderate hypokine- 
sia; 3 to severe hypokinesia; 4 to akinesia; and 5 to 
dyskinesia. For each patient, a total left ventricular 
regional wall motion score was calculated as the sum 
of the segmental scores. 


Experimental Procedures 


Patients were maintained on their cardiac medica- 
tion, including the morning of the experimental day. 
Maximal bicycle exercise stress tests were performed 
in the supine position, the first without and the 
second with TEA. The workload was increased in 
steps by 25 W every fourth minute. The first exercise 


stress test was interrupted when the patient experi- 
enced moderate to severe chest pain. After a pause of 
approximately 2 h, the second stress test, with TEA, 
was performed; this test was identical to the first one 
with respect to workload and duration. Measure- 
ments were performed at rest, before (control) and 
after intravenous metoprolol (10-15 mg), and at the 
end of the first stress test. Before the second stress 
test additional intravenous metoprolol (5-10 mg) was 
given plus the appropriate amount of epidural bupi- 
vacaine, and 20 min thereafter basal measurements 
were performed. At the end of the second stress test 
the final measurements were performed. The first 
stress test is referred to as “control exercise” and the 
second as “TEA exercise.” 

Measurements included systolic (SAP) and dias- 
tolic (DAP) arterial pressure using a radial artery 
cannula, heart rate (HR), and ST-segment analysis of 
lead V, or Vs using a Marquette CASE I electrocar- 
diogram (Marquette Electronics, Milwaukee, Wis.), 
and left ventricular global and regional ejection frac- 
tions. Regional wall motion score was calculated 
during control exercise and TEA exercise. Rate- 
pressure product (RPP) was calculated as the product 
of SAP and HR. The difference in GEF and RPP for 
each patient, induced by TEA exercise compared with 
control exercise, was plotted against each other. 


Statistics 


All values are expressed as mean + sEM. Data were 
analyzed by a one-way analysis of variance for re- 
peated measurements followed by Newman-Keuls 
multiple range test for intergroup comparisons. 


Results 


Effects of metoprolol and metoprolol plus TEA on 
SAP, DAP, HR, RPP, GEF, REF,, REF,, and REF, at 
rest are shown in Table 2. Intravenous metoprolol or 
intravenous metoprolol plus TEA did not cause any 
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Table 3. Hemodynamics and Global and Regional Left Ventricular Function During Control Exercise and at an Identical 


Exercise With Thoracic Epidural Anesthesia 


RPP 


SAP DAP HR (beats/min x 


(mm Hg) (mm Hg) (beats/min) mm Hg x 10°) GEF (%) 


Control 197 +10 84+4 100+6 20.0 + 2 
exercise 
(metoprolol) 

TEA exercise 1604127 712+6° 94245 15.0: 2.2" 
(metoprolol 
+ TEA) 


REF, (%) REF, (%) REF, (%) RWMS ST (mV) 


46.5 + 4.9 46.0 + 6.8 41.9+ 6.0 43.5 + 4.9 11.8 + 1.0 —1.84 + 0.22 


52.8 + 5.4? 53.2 + 6.1? 47.7 + 8.4 47.1 + 3.7 8.8 + 0.87 —1.03 + 0.287 


RWMS, regional wall motion score; ST, ST-segment depression. For all other abbreviations, see Table 2. 


"P < 0.01, compared with control value. 
’P < 0.05, compared with control value. 
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Figure 1. Relationship between the percentage difference in global 
ejection fraction (GEF) and the percentage difference in rate- 
pressure product (RPP) associated with exercise in the presence 
and absence of thoracic epidural anesthesia. 
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significant changes in the above-mentioned variables 
compared with control. 

Data on the different variables during control ex- 
ercise and during TEA exercise are shown in Table 3. 
During control exercise, GEF, REF,, and REF, de- 
creased significantly (P < 0.01) compared with rest- 
ing control values, whereas GEF, REF,, REF,, and 
REF, were not significantly changed during TEA 
exercise compared with corresponding values at rest. 

Compared with control exercise, SAP, DAP, and 
RPP, but not HR, were significantly lower during 
TEA exercise (Table 3). Furthermore, GEF and REF, 
(anterolateral) were significantly higher, and the re- 
gional wall motion score was significantly lower, 
during TEA exercise than during control exercise. 
ST-segment depression was also significantly lower 
during TEA exercise than during control exercise. 

There was no correlation between the difference in 
GEF and the difference in RPP induced by TEA 
exercise compared with control exercise (Figure 1). 


Discussion 


Thoracic epidural anesthesia, including a blockade of 
cardiac sympathetic afferent and efferent fibers, effec- 
tively relieves chest pain caused by myocardial ische- 
mia (2—4). It can be argued that blockade of cardiac 
pain fibers provides only symptomatic relief and 
therefore may be hazardous because it can abolish an 
important warning signal of myocardial ischemia. 
Thoracic epidural anesthesia used for this purpose 
can, therefore, be justified only if, in addition to its 
analgesic effect, it has beneficial myocardial effects, or 
at least does not harm the patient. There are several 
laboratory reports that have demonstrated beneficial 
effects of TEA during experimentally induced myo- 
cardial ischemia. Thus, it has been shown that TEA 
increases the endocardial to epicardial blood flow 
ratio (6), reduces the severity of myocardial ischemia 
(7), decreases myocardial infarct size (7), and reduces 
the incidence of malignant ventricular arrhythmias 
(8) during coronary occlusion in anesthetized ani- 
mals. 

In the present study, the effects of regional cardiac 
sympathetic blockade (TEA) on stress-induced ische- 
mic left ventricular wall motion abnormalities and 
ST-segment changes have been studied in patients 
with coronary artery disease. The major findings 
were that TEA, in association with physical stress, 
improved ischemia-induced left ventricular global 
and regional wall motion abnormalities, which in 
turn was associated with less pronounced ST- 
segment depression than that seen during control 
exercise without TEA. 

Our aim was to study patients with maximal or 
near maximal cardiac B-adrenergic receptor blockade, 
so that possible effects of cardiac sympathetic block- 
ade on wall motion abnormalities with TEA would 
not be attributed directly to a reduced stimulation of 
B-receptors during exercise. Therefore, we selected 
patients in stable condition who were being treated 
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with a B-blocker and in whom we also injected 
metoprolol before the exercise stress tests. Intrave- 
nous metoprolol or intravenous metoprolol plus TEA 
had no effect on HR at rest (Table 2). During exercise 
with TEA, HR was slightly but not significantly lower 
than during control exercise. Systolic arterial pressure 
and DAP, however, were both significantly lower 
during TEA exercise than during control exercise 
(Table 3). A possible explanation for the latter obser- 
vation is that, although not studied in the present 
investigation, left ventricular outflow impedance was 
lower during exercise with TEA than it was during 
control exercise. Thus, TEA did not cause a sympa- 
thetic blockade involving only the heart, but probably 
involving other vascular beds as well. Accordingly, 
the RPP during exercise was significantly lower with 
TEA compared to control. 

Radionuclide angiography is a valid and reproduc- 
ible method for the determination of left ventricular 
ejection fraction as well as for qualitative and quan- 
titative evaluation of regional wall motion (9-12). In 
healthy subjects, maximal dynamic physical exercise 
increases left ventricular GEF (13). However, in pa- 
tients with multiple vessel coronary artery disease, 
GEF generally decreases due to myocardial ischemia 
(14). In the present study, GEF as well as REF, and 
REF, decreased significantly during control exercise, 
in contrast to exercise with TEA, during which global 
and regional wall motion were not significantly al- 
tered. The improvement in left ventricular global and 
regional function during exercise with TEA could be 
related to the decrease in left ventricular afterload per 
se because afterload reduction improves regional wall 
motion, especially when basal wall motion is reduced 
(15). Baron et al. recently showed in patients with 
coronary artery disease that lumbar epidural anesthe- 
sia without cardiac sympathectomy improved global 
and regional myocardial function at rest (16). This 
was attributed to reduction in afterload and/or to a 
decrease in myocardial oxygen requirement, which 
are in turn related to the decrease in afterload. In the 
present study, the most likely explanation for the 
improvements in left ventricular global and regional 
function during TEA exercise is that TEA beneficially 
affects the oxygen supply/demand ratio in the ische- 
mic area mainly by reducing myocardial oxygen de- 
mand, as reflected by the lower RPP. This was 
supported by significant attenuation of ischemic ST- 
segment changes in anterolateral leads (V3 or Vs) 
associated with an improved regional wall motion in 
the corresponding area (REF,). We have recently 
shown in patients with unstable angina and ischemic 
chest pain at rest that pain relief with TEA is associ- 
ated with a decrease in the major determinants of 
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myocardial oxygen demand, without jeopardizing 
coronary perfusion pressure (5). In some of our 
patients, TEA induced less pronounced ST-segment 
depression and myocardial lactate production. It is 
therefore likely that TEA may have an antiischemic 
effect during both stress-induced and spontaneously 
induced myocardial ischemia by reducing myocardial 
oxygen demand (17). 

One would expect that thé improvement. in GEF 
during exercise with TEA, when compared with GEF 
during exercise without TEA, would be most pro- 
nounced in patients in whom TEA caused thé great- 
est reduction in RPP. However, in the preserit study 
there was no correlation between the difference in 
GEF and the difference in RPP induced. by TEA 
exercise compared with control exercise, as can be 
seen in Figure 1. One could therefore speculate that 
attenuation of myocardial ischemia by TEA, in the 
present study, was caused not only by a reduction in 
myocardial oxygen demarid’ but also by improved 
perfusion of the ischemic area. We have recently 
determined the effect of cardiac sympathetic blockade 
by TEA on the diameter of the lumina of normal and 
diseased portions of epicardial coronary arteries by 
quantitative coronary angiography in patients with 
severe coronary artery disease (18). Thoracic epidural 
anesthesia significantly increased the diameter of 
stenotic segments, whereas there was no effect on 
nonstenotic segments. Also, in humans the activation 
of the sympathetic nervous system by isometric 
handgrip or cold pressor test constricts both normal 
and diseased coronary arteries (19). Furthermore, in 
patients with coronary artery disease, the intracoro- 
nary administration of phentolamine causes less ex- 
ercise-induced ST-segment depression than that 
seen at an identical workload without phentolamine 
(20). It is therefore tempting to suggest that the 
antiischemic effects of TEA during stress-induced 
myocardial ischemia is also caused by a blunting of a 
sympathetically, a-adrenoceptor-mediated vasocon- 
striction of stenotic epicardial arteries, one that also 
improves perfusion of the ischemic areas. 

In conclusion, in patients with coronary artery 
disease subjected to physical stress, high TEA im- 
proves global and regional left ventricular function 
while diminishing associated changes in ST seg- 
ments. 
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A, RICKSTEN S-E. Controlled hypotension with adenosine 
or sodium nitroprusside during cerebral aneurysm surgery: 
effects on renal hemodynamics, excretory function, and 
renin release. Anesth Analg 1990;71:631-6. 


Adenosine, a potent vasodilator both in animals and in 
humans, has been used to produce controlled hypotension in 
patients, especially during cerebral aneurysm surgery. 
However, in animals adenosine by intrarenal infusion 
decreases renal blood flow (RBF), glomerular filtration rate 
(GFR), urine flow, and causes an inhibition of renin 
secretion. In this study we evaluated the effect of adenosine 
on RBF in patients (n = 15) scheduled for cerebral aneu- 
rysm surgery who had been anesthetized with a modified 
neurolept-anesthesia during controlled hyperventilation. Peri- 
operative hypotension was achieved with infusion of adenosine 
(252.8 + 55.8 ug-kg~*-min~*) (n = 8) or sodium nitroprus- 
side (2.5 + 0.8 yg-kg™!-min™!) (n = 7). Mean arterial 
pressure was lowered by 25%-30%, to approximately 60-70 
mm Hg, in both groups. Glomerular filtration rate and RBF 
were measured using standard renal clearance methods for 
°1Cr-ethylenediaminetetraacetic acid and paraaminohippuric 
acid. Urine and blood samples were collected during nor- 


During the dissection and clipping of cerebral aneu- 
rysms, controlled hypotension is often used to reduce 
the aneurysm wall tension in order to minimize the 
risk of rupture and bleeding (1). Several vasodilators, 
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motension before and after a bolus dose of hypertonic manni- 
tol, during hypotension, and during normotension after clip- 
ping of the aneurysm. Adenosine induced a marked decrease in 
GFR (—91%) and RBF (—92%), and a pronounced increase 
in renal vascular resistance. Sodium nitroprusside caused a 
significantly (P < 0.01) less pronounced decrease in GFR 
(—24%) and RBF (—36%), but did not affect renal vascular 
resistance. After discontinuation pf the hypotensive agents, 
GFR returned to baseline levels in both groups. Renal blood 
flow, however, increased above baseline after discontinuation 
of adenosine (+93%) but not ajter sodium nitroprusside. 
Sodium nitroprusside increased renin secretion, which was 
not seen with adenosine. Four patients in the adenosine group 
developed reversible atricventricular conduction disturbances. 
We conclude that adenosine-induced hypotension during ce- 
rebral aneurysm surgery prevents renin release and induces a 
reversible renal vasoconstriction mainly involving preglomer- 
ular resistance vessels and thereby decreasing RBF and GFR. 


Key Words: ANESTHETIC TECHNIQUES, 
HYPOTENSIVE—adenosine, nitroprusside. KIDNEY, 
FUNCTION—induced hypotension. 
PHARMACOLOGY—nitroprusside, adenosine. 


including sodium nitroprusside (SNP) (2) and nitro- 
glycerin (3), have been used for this purpose. How- 
ever, these drugs have disadvantages such as cyanide 
toxicity (4), tachyphylaxis {2,5,6}, rebound hyperten- 
sion (7), increased intracranial pressure (3,8), and 
methemoglobinemia (3). The use of exogenous aden- 
osine administration to achieve controlled hypoten- 
sion during neurosurgery in humans has attracted 
considerable interest because it is characterized by a 
rapid induction of a stable level of hypotension, 
which is rapidly and spontaneously reversed when 
administration is discontinued, and has shown no 
evidence of hematologic or biochemical toxicity (9). 
Animal studies have, however, shown that intra- 
renal adenosine infusion causes a dose-dependent 
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transient reduction in renal blood flow (RBF) (10-16), 
sustained decrease in glomerular filtration rate (GFR) 
(10,11,13-16), renal cortical vasoconstriction (10-15), 
and inhibition of renin secretion (10,11,15-18), as well 
as decreased urinary output (6,10,15). 

Therefore, the aim of this study was to evaluate 
the effects of adenosine on renal function and renin 
release, and to compare them with the effects of SNP 
when used for controlled hypotension during cere- 
bral aneurysm surgery. 


Patients and Methods 


The investigation was approved by the Ethical Com- 
mittee of the University of Gothenburg, Sweden, and 
informed consent was obtained from the patients. 

Fifteen patients scheduled for cerebral aneurysm 
surgery were studied. None of the patients was 
hypertensive, and none was on any chronic medica- 
tion. The patients were randomly allocated to receive 
either adenosine (20 mmol/L, 5.3 mg/mL in 5% man- 
nitol) (n = 8) or SNP (Nipride, Roche, 100 pg/mL) 
(1 = 7) for induced hypotension according to a 
computer-generated list. Criteria for inclusion in the 
study were no history of renal, hepatic, or heart 
disease, and age below 70 yr. Mean age was 44.1 + 
2.9 yr (range, 34-51) in the adenosine group and 47.7 
+ 4.4 yr (range, 33-65) in the SNP group. 

One hour before the operation, the patients were 
premedicated with diazepam (5-10 mg IV). Atropine 
(0.25-0.50 mg IV) was given before induction of 
anesthesia. Induction of anesthesia was with 2-5 
mg/kg thiopental followed by 0.1-0.2 mg fentanyl. 
Pancuronium bromide (0.1 mg/kg) was given to facil- 
itate tracheal intubation. Anesthesia was maintained 
with supplemental doses of fentanyl (total dose, 
1.1-2.0 mg) and droperidol (total dose, 2.5-10 mg) as 
required. The patients were mechanically hyperven- 
tilated with 70% nitrous oxide in oxygen to maintain 
Pco, values at approximately 3.5 kPa (30 mm Hg). 
Catheters were placed in the radial artery for moni- 
toring blood pressure and sampling blood. Two cen- 
tral venous catheters were inserted via the left basilic 
vein and the right jugular vein for monitoring central 
venous pressure (EVP) and infusion of drugs. All 
patients had an intravesical catheter for continuous 
monitoring of urine flow, Nimodipine, a calcium- 
channel blocker that is distinguished by vasodilatory 
activity most specific to the cerebral vessels (19), was 
given in a dose of 0.5 wg-kg™*-min™ * perioperatively 
to four patients in the SNP group and to two patients 
in the adenosine group to prevent oe vaso- 
spasm. 
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All patients received 1.0-1.5 L of 5% glucose peri- 
operatively. The average amount of mannitol (150 
mg/mL) given was 801 + 53 mg/kg in the SNP group 
and 939 + 78 mg/kg in the adenosine group (NS). 
Blood loss during the surgical procedure amounted to 
10.5 + 3.9 mL/kg in the SNP group and 9.0 + 2.2 
mL/kg in the adenosine group (NS). 

To study the effects of SNP or adenosine on RBF 
and GFR, standard urinary clearances of ”'Cr- 
ethylenediaminetetraacetic acid (EDTA) and paraami- 
nohippuric acid (PAH) were used (20,21). Priming 
injections of PAH and °’Cr-EDTA were given imme- 
diately after the induction of anesthesia, followed by 

continuous intravenous infusions of PAH and °!Cr- 
EDTA. The amounts of *'Cr-EDTA and PAH given 
were calculated based on the patient's body surface, 
age, and preoperative serum creatinine concentra- 
tion. Equilibration time before the start of the study 
was 35-40 min. Arterial plasma samples for measure- 
ments of PAH and *’Cr-EDTA were taken at the 
beginning and end of each urine collection period. At 
the end of each urine collection period, the bladder 
was rinsed with 100 mL of sterile water and emptied 
by aspiration and gentle suprapubic compression. 
Renal blood flow was derived from the formula RBF 
= renal clearance of PAH/(1 — hematocrit), and renal 
vascular resistance (RVR), from the formula RVR = 
MAP ~ CVP/RBF, where MAP is mean arterial pres- 
sure. All renal data were normalized to a body 
surface area of 1.73 m^. Blood samples for analysis of 
plasma renin activity (PRA) (17) in both groups and 
plasma levels of adenosine metabolites (hypoxan- 
thine, xanthine, and uric acid) (15,22) in the adeno- 
sine group were measured at the end of each period. 

After the induction of anesthesia, continuous mea- 
surements of systolic arterial pressure, MAP, dia- 
stolic arterial pressure, CVP, heart rate, and urine 
flow were made, and blood samples were taken, as 
described above during four consecutive 30-min 
urine collection periods: (A) during normotension 
before mannitol; (B) during normotension after man- 
nitol; (C) during hypotension; and (D) during nor- 
motension. During period C (hypotension), MAP 
was 25%-30% below baseline levels (period A). Two 
patients in the adenosine group had two consecutive 
30-min periods of hypotension. 

A 12-lead electrocardiogram was used pre- and 
postoperatively. During surgery, the electrocardio- 
gram was continuously tape-recorded, and it was 
submitted to computerized analysis postoperatively 
(23). 

Values are presented as mean + sem. Differences 
between the two groups were calculated by two-way 
analysis of variance, followed by the Newman-Keuls 
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Table 1. Arterial Plasma Levels of Adenosine Metabolites 
Before, During, and After Adenosine Administration 


Before ADO During ADO After ADO 
Uric acid 101.3 + 38.9 279.7 + 66.2" 260.2 + 60.7 
(umol/L) 
Hypoxanthine 0.9 + 0.3 12 S 3.4 + 0.7 
(umol/L) 
Xanthine 1.7 + 0.8 131.6 + 35.4" 70.9 + 24.7 
(umol/L) 


ADO, adenosine. 
“P < 0.05, before adenosine versus during adenosine. 


multiple range test (24). A P value less than 0.05 was 
considered statistically significant. 


Results 


In both groups, MAP was lowered by approximately 
25%-30% during the hypotensive period. The initial 
dose of SNP used was 1.8 + 0.8 ug-kg™*-min™*, and 
the dose required just before discontinuing the infu- 
sion was 2.6 + 0.8 ug'kg™tmin™t (P < 0.05). The 
corresponding values for adenosine were 218 + 51 
ug-kg~!-min7! and 266 + 56 wg-kg™)-min™} (P < 
0.05). Plasma concentrations of adenosine metabo- 
lites increased significantly above baseline levels dur- 
ing adenosine infusion and partially returned to 
baseline levels during the following normotensive 
period (Table 1). Pulse pressure was significantly 
greater during adenosine than during SNP infusion. 
After discontinuation of the vasodilators, MAP and 
diastolic arterial pressure were higher in the SNP 
group, whereas other hemodynamic variables did not 
differ between the two groups at any period (Table 2). 

Glomerular filtration rate and RBF were signifi- 
cantly lower, and renal vascular resistance was sig- 
nificantly greater, during adenosine than during 
SNP-induced hypotension (Table 3). However, dur- 
ing the normotensive period D, RBF was significantly 
higher in the adenosine than in the SNP group. 
Plasma renin activity levels were significantly greater 
with SNP than with adenosine infusion, which was 
not associated with any change in PRA levels. Other 
renal variables did not differ between the two groups 
at any period. 

Two patients had a second period of adenosine- 
induced hypotension. The mean values of GFR for 
these two patients during the first and second hy- 
potensive periods were 3.0 and 2.3 mL/min, respec- 
tively, and the corresponding mean values of RBF 
were 21.1 and 98.2 mL/min, respectively. 

The pre- and postoperative values of serum creat- 
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inine were 80.9 + 2.8 uwmol/L and 67.3 + 3.4 pmol/L, 
respectively, in the SNP group (P < 0.01). The 
corresponding values for the adenosine group were 
72.0 + 4.2 umol/L (NS) and 70.1 + 3.3 uwmol/L (NS). 

During adenosine-induced hypotension, one pa- 
tient developed first-degree atrioventricular block 
and two patients a nodal rhythm. These arrhythmias 
were seen at infusion rates ranging from 147 to 300 
pg-kg~'-min7* but were not hemodynamically im- 
portant and disappeared after discontinuation of 
adenosine. One patient was excluded from the study 
because of development of third-degree atrioventric- 
ular block for 15 s followed by atrial flutter for 26 min. 
This patient received 590 yg-kg~*-min™' of adeno- 
sine, an extremely high dose that failed nevertheless 
to induce hypotension. The adenosine infusion was 
immediately stopped, and hypotension was induced 
with trimethaphan. This incident did not affect the 
clinical course of the patient. Postoperative electro- 
cardiogram and myocardial enzymes in this patient 
were normal. In no patient were significant ST-T 
changes seen during either adenosine- or SNP- 
induced hypotension. 


Discussion 


To study the effects of adenosine- or SNP-induced 
hypotension on renal function during neurosurgery, 
we used standard techniques for urinary clearance of 
PAH and *'Cr-EDTA. These methods have been used 
for many years and are well established and ac- 
cepted, even under conditions where RBF and GFR 
are reduced (20,21). We did not measure the renal 
extraction of PAH because we did not consider it 
practical or ethically justified to perform renal vein 
catheterization during this clinical study. Because we 
did not evaluate the renal extraction of PAH, it may 
be argued that RBF could have been underestimated, 
especially during adenosine-induced hypotension, 
which was associated with low urinary clearance 
values of PAH. However, a previous study (25) in 
dogs with experimental hemorrhagic shock showed 
that RBF could be reduced to as low as 3% of control 
without decreasing the renal extraction of PAH. Pre- 
vious studies investigating renal function periopera- 
tively during neurolept-anesthesia have shown that 
this method is reliable even during surgical condi- 
tions (26). The values of urine flow, GFR, and RBF 
during period A, in the present study, are in line with 
those presented in other studies where renal function 
has been studied during neurolept-anesthesia in con- 
nection with surgery (26). 

The main findings of the present study were that 
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Table 2. Hemodynamic Changes Before, During, and After Adenosine, and Sodium 
Nitroprusside-Induced Hypotension 
ADO SNP 
A B C D A B C D 

SAP (mm Hg) 119.7 + 7.0 125.6 + 5.5 98.0 + 3.9 120.0 + 4.7 117.4 + 3.3 131.2 + 4.7 90.2 + 2.7 131.9 + 5.9 
MAP (mm Hg) 89,5 + 3.7 90.2+3.3 61.7 + 2.6 84.3 + 3.0° 87.0 + 1.2 92.7 + 5.3 65.3225 73.0 + 2.6 
DAP (mm Hg) 74.3 + 2.5 73.0 + 2.6 44.5 + 2.3 66.5 + 3.6" 70.5 & 1.7 72.5 + 6.0 52.9 + 3.3 76.6 + 3.9 
PP (mm Hg) 45.4 + 5.5 52.6 + 4.6 53.5 + 3.37 53.5 + 5.6 46.8 + 4.1 58.8+4.9 37.2 + 3.7 55.1 + 6.3 
HR (beats/min) 86.4 + 5.0 86.0 + 7.3 87.8+5.4 79.5 + 3.3 82.0 + 3.4 77.1 5.1 80.3 + 4.5 71.3 = 3.9 
CVP (mm Hg) 3.4+1.0 2.9 + 1.0 3.6 + 0.9 3.9 + 0.9 1.9 + 1.0 2.6 + 1.0 2.6 + 1.2 29 + 1.2 


ADO, adenosine; SNP, sodium nitroprusside; A, normotension before mannitol; B, normotension after mannitol; C, hypotension; D, normotension; SAP, 
systolic arterial pressure; MAP, mean arterial pressure; DAP, diastolic arterial pressure; PP, arterial pulse pressure; HR, heart rate; CVP, central venous 


pressure. 
“P < 0.05, adenosine versus sodium nitroprusside. 


Table 3. Renal Hemodynamics, Renal Function, and Levels of Plasma Renin Activity Before, During, and After 





Adenosine- and Sodium Nitroprusside-Induced Hypotension 


ADO 
A B C 
UF (mL/min) 51+0.9 86422 04+01 
GER (mL/min) 85.3+68 73.4+10.7 74+ 4.6 
RBF (mL/min) 692+81 626+133 52+ 18 
RVR (mm Hg-min-L7!) 0.14+0.03 0.24401 2.84 + 1.2" 
PRA (nmol/L) 12 2 1.3 + 0.4 1.5 + 0.6 


SNP 
D A B Cc D 
3.8 + 0.6 5023 IF 235 2.5: 20:5 2.6 + 0.5 
75.2 + 7.9 100.1 + 11.0 994+13.6 76.5 + 12.7 108.0 + 23.1 
1340 + 215" 1047 + 180 771 + 124 671 + 43 694 + 123 
0.07 + 0.01 0.10 + 0.03 0.13 +0.01 0.10 +0.01 0.15 + 0.02 
2.0 + 0.7 2.4 + 0.7 1.8 + 0.4 7 E42 4.9 + 1.6 


ADO, adenosine; SNP, sodium nitroprusside; A, normotension before mannitol; B, normotension after mannitol; C, hypotension; D, normotension; 
UF, urine flow; GFR, glomerular filtration rate; RBF, renal blood flow; RVR, renal vascular resistance; PRA, plasma renin activity. 


“P < 0.01, adenosine versus sodium nitroprusside. 


induced hypotension with adenosine induced a 
marked decrease in GFR and RBF compared to SNP- 
induced hypotension, followed by a pronounced 
increase in RBF during period D (after adenosine), 
which was not seen after discontinuation of SNP. In 
a previous study of renal function in humans during 
adenosine infusion, Sollevi (10) found that low doses 
(40-50 ug-kg~*-min™') of intravenous adenosine in 
awake and healthy volunteers did not affect RBF or 
GFR, whereas in some subjects urine flow rate was 
reduced by 25%—40% in association with a reduction 
of free water clearance. However, hypotensive doses 
of adenosine have, in connection with neurosurgery, 
previously been associated with a marked reduction 
of urine flow rate (27), as also seen in the present 
study. It is also obvious from the present study that 
hypotensive doses of adenosine decrease urine flow 
mainly by a renal vasoconstriction with a pronounced 
decrease in GFR. 

A large number of animal studies have been per- 
formed to evaluate the renal effects of adenosine 
(10,11,13-16,28). Adenosine injected as a bolus into 
the renal artery produces a prompt and dose-related 
decrease in RBF (15). However, during continuous 
infusion of adenosine into the renal artery there is 
generally a biphasic response in RBF: a transient 


decrease in RBF that wanes and within 5-10 min 
returns to or above preinfusion levels (15). It has been 
suggested that the apparent wane of the initial vaso- 
constriction is some unknown secondary vasodilator 
response superimposed on the initial vasoconstric- 
tion (15). Adenosine infusion also decreases GFR due 
to an increased resistance of the afferent arterioles of 
superficial nephrons with a consequent decrease in 
glomerular capillary hydrostatic pressure (14). It has 
been suggested that the vasoconstrictive action of 
adenosine is mediated by angiotension II (28). Glo- 
merular filtration rate has been reported to be consis- 
tently decreased during exogenous adenosine infu- 
sion in the face of a normal or even increased total 
RBF (15). It has therefore been suggested that aden- 
osine may act to decrease GFR also by direct dilation 
of efferent arterioles of deeper nephrons in a later 
phase of the adenosine infusion (13). In the present 
study, the decrease in MAP by 25%-30% with aden- 
osine was associated with a 91% decrease in GFR, 
indicating that the adenosine-induced renal vasocon- 
striction was caused mainly by an increased afferent 
glomerular arteriolar resistance. The present study 
cannot exclude the possibility that adenosine also 
induces a biphasic response in RBF in humans during 
a certain period of time. In fact, two patients given 
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adenosine were exposed to induced hypotension for 
a second period of 30 min. During this second hy- 
potensive period, RBF was higher, whereas GFR was 
virtually unchanged compared to the first hypoten- 
sive period, which may indicate that adenosine infu- 
sion induces a biphasic response of RBF accompanied 
by an unchanged GFR also in humans. It would 
therefore be of interest to induce hypotension with 
adenosine for longer periods and to study whether 
there is a biphasic RBF response concomitant with a 
consistent decrease in GFR during adenosine- 
induced hypotension. In the present study of mild 
adenosine-induced hypotension for only 30 min, we 
did not investigate the long-term effects on renal 
function. The postoperative serum creatinine level 
was, however, not significantly different from the 
preoperative value in the adenosine group, which 
might indicate that short periods of adenosine- 
induced hypotension does not cause any long-term 
sequelae, in terms of renal function. Whether this is 
true also for longer periods of profound adenosine- 
induced hypotension remains to be answered. 
During the normotensive recovery period, after 
discontinuation of adenosine infusion, there was a 
marked increase in RBF whereas GFR was restored to 
prehypotensive values, indicating that the renal vaso- 
dilation after adenosine was caused mainly by a 
decreased efferent glomerular arteriolar resistance. 
This renal hyperemia after adenosine has previously 
been reported in animals, but its cause remains to be 
defined (13,14). It is possible that this renal vasodila- 
tion represents a reactive hyperemic response to the 
relative renal ischemia induced by adenosine. 
Sodium nitroprusside-induced hypotension in pa- 
tients undergoing neurosurgery increases PRA, 
which in turn causes tachyphylaxis and rebound 
hypertension in some patients due to activation of the 
renin angiotensin system (7). In the present study, 
SNP-induced hypotension caused a significant in- 
crease in PRA, whereas adenosine infusion did not 
change PRA, which is in accordance with another 
recent clinical study (18). Furthermore, we noticed a 
mild rebound hypertension after SNP infusion was 
discontinued, but no rebound hypertension was re- 
corded after adenosine administration. However, in 
both groups there was a significant increase in the 
required infusion rate of the hypotensive agent. 
Pulse pressure was significantly higher during 
adenosine compared to SNP-induced hypotension. 
This difference probably reflects the limited effect of 
adenosine on venous capacitance vessels, in contrast 
to SNP, with maintained filling pressures and a 
hyperkinetic circulation during adenosine-induced 
hypotension (10). The higher systolic arterial pres- 


ANESTH ANALG 635 
1990:71:631-6 


sure during adenosine-induced hypotension may, 
however, counteract the beneficial effects of a re- 
duced MAP in terms of wall tension of the cerebral 
aneurysm. 

There were no signs of myocardial ischemia during 
adenosine-induced hypotension, as judged by un- 
changed ST-T segments in any patient. Atrioventric- 
ular conduction disturbances were noticed during 
adenosine administration in four patients during 
high infusion rates of adenosine that rapidly disap- 
peared when infusion rates were lowered. 

One of our patients received a very high infusion 
rate of adenosine (590 yg:kg~*-min™'), without pro- 
ducing the desired level of hypotension, but instead a 
third-degree atrioventricular block. The reason for 
the ineffective hypotensive effect is not evident but 
could be due to a reflex increase in cardiac output, in 
accordance with hemodynamic responses seen in 
awake healthy subjects (29). 

In summary, we have shown that adenosine- 
induced hypotension, in striking contrast to nitro- 
prusside, inhibits renin release and induces profound 
decreases in RBF and GFR caused by predominant 
afferent glomerular arteriolar vasoconstriction. When 
adenosine infusion was discontinued, GFR returned 
to, whereas RBF increased above, baseline levels. The 
effects of adenosine-induced hypotension on renal 
function would therefore suggest that its use be 
limited to short periods of hypotension. Further- 
more, adenosine should not be used in patients with 
impaired renal function. 


We thank Professor Gerald F. DiBona, Department of Internal 
Medicine, The University of lowa College of Medicine, for his 
constructive criticism of this manuscript. 
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Severe pulmonary hypertension after protamine neutraliza- 
tion of heparin is an infrequent but life-threatening event 
following cardiopulmonary bypass. The effect of left ventric- 
ular infusion of protamine on pulmonary hypertension as 
well as a possible role of platelet-activating factor (PAF) or 
histamine in the heparin-protamine reaction was investi- 
gated in 30 pigs in four different groups during general 
anesthesia. Group 1 animals received 250 IU/kg heparin, 
followed by 100 mg protamine intravenously after 15 min. 
In group 2 protamine was infused into the left ventricle. 
Group 3 animals received the histamine H,- and H,- 
antagonists clemastine and ranitidine 5 min before prota- 


The adverse hemodynamic effects of heparin neutral- 
ization by protamine, acute pulmonary vasoconstric- 
tion, and systemic hypotension occur infrequently in 
patients but can result in life-threatening circulatory 
disorders. Horrow, in two comprehensive reviews, 
defined three different types of circulatory reactions 
to protamine reversal of heparin: type I, systemic 
hypotension from rapid injection; type II, anaphylac- 
toid responses; and type III, catastrophic pulmonary 
vasoconstriction (1,2). Severe type HI reactions can be 
life-threatening complications after otherwise un- 
eventful cardiac operations (3), and a number of 
recently published studies deal with the mechanisms 
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mine infusion. In group 4 the PAF receptor blocker WEB 
2086 was given 5 min before protamine. Platelet-activating 
factor was measured by a bioassay in serum samples of 
group 1 and group 4 animals. In all four groups protamine 
caused severe pulmonary hypertension, thromboxane A, 
release, and a transient decrease in leukocyte counts. No 
PAF release was detected after protamine infusion. Neither 
left ventricular infusion of protamine nor histamine or PAF 
antagonists prevented or attenuated the reactions after 
protamine infusion. The authors conclude that left ventric- 
ular infusion of protamine provides no protection from 
pulmonary hypertension, and that histamine and PAF are 
not involved in the acute pulmonary vasoconstriction after 
protamine neutralization of heparin. 


Key Words: BLOOD, coacuLation—heparin, 
protamine. 


and the prevention of pulmonary hypertension after 
heparin-protamine. 

In humans, thromboxane A, generation is associ- 
ated with pulmonary vasoconstriction (4), and exper- 
iments in awake sheep (5) and anesthetized pigs (6,7) 
have confirmed the role of arachidonate products 
and, predominantly, of thromboxane A, in this reac- 
tion. A study by Morel and coworkers (5) also sug- 
gests that complement-mediated activation of leuko- 
cytes might cause activation of arachidonic acid via 
the formation of oxygen free radicals and lipid per- 
oxidation. Dimethylthiourea, the substance that suc- 
cessfully inhibited thromboxane release in that study, 
however, cannot be used in humans because of its 
well-known toxicity. Moreover, it has a wide variety 
of side effects and may have affected the heparin- 
protamine reaction by some mechanism different 
from the scavenging of H,O,. Thus, further research 
is required for a conclusive definition of the mecha- 
nisms by which the arachidonic acid cascade and, 
finally, thromboxane synthetase are activated. Also, a 
therapeutic principle that allows prevention of hep- 
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arin-protamine reactions without major side effects 
has not yet become clinically available. 

The aim of the present study, therefore, was to 
investigate the role of further mediators that, as 
judged from the patterns of their actions, might 
participate in heparin-protamine-related pulmonary 
hypertension. This was done by measuring serum 
activities of platelet-activating factor (PAF), a potent 
activator of platelets in vitro and in vivo (8), before 
and after heparin antagonization by protamine. The 
effect of pretreatment with histamine and PAF recep- 
tor blockers on the incidence and severity of the 
heparin-protamine reaction in the anesthetized pig 
model of pulmonary hypertension was studied. In a 
further series of experiments the potentially protec- 
tive effect of intraarterial versus intravenous infusion 
of protamine was tested, as presently available stud- 
ies addressing this issue are inconclusive (2). 


Methods 
Animal Preparation 


Upon approval by the animal-care committee, exper- 
iments were performed in 30 pigs with a mean body 
weight of 27 kg. Anesthesia was induced with ket- 
amine (10 mg/kg), flunitrazepam (0.1 mg/kg), and 
atropine (0.5 mg). The animals were tracheotomized 
and ventilated mechanically with a mixture of oxygen 
in nitrous oxide to maintain arterial Po, between 100 
and 120 mm Hg. The tidal volume was set to maintain 
end-expiratory carbon dioxide at 4.5 vol%, and a 
positive end-expiratory pressure of 3 cm H,O pre- 
vented atelectasis. Adequate anesthetic depth was 
maintained by enflurane (0.5-1.0 vol%, inspiratory) 
and fentanyl (0.1 mg-kg~*-h~'). 

Large-bore polyethylene catheters in the inferior 
vena cava and the abdominal aorta served for drug 
infusion, pressure measurements, and blood sam- 
pling. Two flotation-directed, balloon-tipped cathe- 
ters of different sizes were placed in the pulmonary 
artery via jugular veins: a 5F catheter served for 
determination of cardiac output by thermodilution; to 
facilitate rapid mixed venous blood sampling without 
excessive suction, a larger 7F catheter was used, 
which also served for pressure measurements. A 
pigtail catheter was advanced into the left ventricle 
via a common carotid artery for protamine infusion 
and determination of left ventricular end-diastolic 
pressure. Systemic and pulmonary vascular resis- 
tances were calculated from the aortic to right atrial 
‘and the pulmonary artery to left ventricular end- 
diastolic pressure gradients, respectively, and from 
cardiac output. 
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Laboratory Analyses 


Blood gas tensions were measured using an ABL 300 
(Radiometer, Copenhagen, Denmark). White blood 
cell counts were performed by a Coulter counter 
(model T 540, Coulter Electronics, Krefeld, Germa- 
ny). Platelet counts were made in a counting chamber 
by means of a light microscope at a magnification of 

x 400. 

_ Plasma levels of thromboxane B,, the stable metab- 
olite of thromboxane Az, were measured by a radio- 
immunoassay in unextracted arterial plasma. Dex- 
tran-coated charcoal was used to separate free from 
antibody-bound antigen fractions. Antibodies were 
purchased from Pasteur Diagnostics (Paris, France). 


Platelet-Activating Factor Assay 


Serum concentrations of PAF were detected by a 
thrombocyte aggregation assay as first described by 
Benveniste and coworkers (9). Rabbit platelets were 
prepared with slight modifications according to 
Pinckard (10). In brief, rabbit blood was collected in 
ethylenediaminetetraacetic acid and centrifuged at 
room temperature at 500 g for 15 min. The platelet- 
rich plasma was removed, put on Ficoll 1088, and 
centrifuged again for 15 min at 750 g. The resulting 
platelet layer was suspended in calcium-free Tyrode’s 
solution, pH 6.5, containing 0.1 mM ethylenediamine- 
tetraacetic acid and 0.1 mM acetyl salicylic acid. After 
10 min incubation the suspension was again placed 
on Ficoll 1088 and centrifuged at 750 g for 15 min. The 
washed platelets were suspended in calcium-free 
Tyrode’s buffer, pH 6.5, at a concentration of 3 x 
10’*/L and used immediately for further analyses. 

For the thrombocyte aggregation assay a four- 
channel aggregometer (Bio/Data Corp., Hatboro, Pa.) 
was used. Glass vials were filled with 160 uL of 
Tyrode’s solution, pH 7.2, containing 260 mg/L cal- 
cium and an adenosine diphosphate scavenging sys- 
tem (1 mM creatine phosphate and 10 U/L creatine 
phosphokinase). Forty microliters of the thrombocyte 
suspension was added and incubated for 4 min. 
Twenty microliters of either PAF standard (PAF dis- 
solved in Tyrode’s solution, pH 7.2, containing 0.25% 
bovine serum albumin) or test serum was added. 
Aggregation of thrombocytes was recorded as an 
increase of light transmission through the suspen- 
sion. Specificity of aggregation for PAF was verified 
by adding a PAF receptor antagonist (WEB 2086, 
Boehringer Ingelheim, Germany). 

Recovery of PAF from porcine blood was deter- 
mined in vitro. Varying amounts of synthetic PAF 
were added to samples of normal porcine blood to 
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provide hematocrit-corrected plasma concentrations 
of about 10-5000 ng/L. Blood samples were centri- 
fuged and the plasma was processed as described 
above either immediately or after storage at —60°C for 
1 wk. 


Experimental Protocol 


Baseline recordings and blood samples were obtained 
in all animals 30 min after surgical preparations, i.e., 
with stable hemodynamic cond:tions 15 min before 
protamine infusion (—15 min). All animals then re- 
ceived heparin (250 IU/kg) intravenously, and record- 
ings were repeated after 5 (—10 min) and 15 (0 min) 
min. This was followed by infusion of 100 mg prota- 
mine over 2 min. Data were again recorded immedi- 
ately (2 min) and 5 (5 min) and 15 (15 min) min after 
protamine P The animals were randomly as- 
signed initially to three, later to four experimental 
groups; the above protocol was used in all groups. 

= Group 1 animals (n = 8), the positive control for 
heparin-protamine effects, underwent the basic pro- 
tocol without any variations. In group 2 animals (n = 
8) the potentially protective effect of arterial injection 
of protamine was tested by inftsing protamine into 
the left ventricle via the pigtail catheter. Group 3 
animals (n = 9) were given the H,- and H,- 
antagonists clemastine (2 mg) and ranitidine (50 mg) 
5 min before protamine infusion. A fourth group (n = 
5) was introduced during the study to confirm the 
results of the PAF assay. These animals received the 
PAF receptor antagonist WEB 2386 (5 mg/kg) 5 min 
before protamine. Effectiveness of this dose of WEB 
2086 was confirmed by injecting 40 ng/kg synthetic 
PAF into six pigs with (n = 3) or without (n = 3) prior 
treatment with the PAF antagonist. 


Statistics 


Results are given as mean + sem. The statistical 
significance of changes 2, 5, and 15 min after prota- 
mine administration versus the preprotamine values 
(Q min) was evaluated by Friedman’s ranked analysis 
of variance and differences between groups by 
Kruskal-Wallis analysis. Multiple comparisons were 
performed according to Conover, as published for 
_ related (11) and independent (72) samples by The- 
odorsson-Norheim. A P-value less than 0.05 was 
considered statistically significant. 
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Figure 1. Mean arterial pressure and heart stroke volume in all 
four groups before (0) and 2, 5, and 15 min after protamine 
infusion. Group 1: control animals, central venous infusion of 
protamine; group 2: left-sided infusion of protamine, into the left 
ventricle; group 3: pretreatment with H,- and H,- receptor antag- 
onists clemastine and ranitidine; and group 4: pretreatment with 
PAF receptor antagonist WEB 2086. 


Results 


Hemodynamic reactions, thromboxane B, plasma 
levels, and leukocyte counts after protamine infusion 
are summarized for all four groups in Figures 1-3. 


Effects of Heparin, WEB 2086, and 
Clemastine/ Ranitidine 


In all four groups heparin alone had no effect on 
hemodynamic function, blood cell counts, or arterial 
thromboxane B, concentrations. Similarly, neither 
the PAF antagonist WEB 2086 nor the combination of 
the H,- and H,-antagonists clemastine and ranitidine 
had any effect on the measured variables. 


Control Animals, Group 1 


During right atrial protamine infusion mean pulmo- 
nary artery pressure started to increase above its 
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Figure 2. Mean pulmonary artery pressure and pulmonary vascu- 
lar resistance in all four groups before (0) and 2, 5, and 15 min after 
protamine infusion. For explanation of groups, see Figure 1. 


baseline value of 19+ 2 mm Hg and averaged 33 + 3 
mm Hg at 2, 27 + 2 at 5, and 23 + 3 at 15 min after 
protamine. Values at 2 and 5 min were significantly 
above baseline. Pulmonary vascular resistance in- 
creased by a maximum of 185% at 2 min. Mean 
arterial pressure and cardiac output remained essen- 
tially unchanged, but heart rate increased slightly, by 
15%. Thromboxane B, plasma concentrations in- 
creased 95%; leukocyte counts decreased 50% at 2 
min after protamine and returned to baseline levels 
after 15 min. Platelet counts remained essentially 
unchanged. 


Arterial Application of Protamine, Group 2 


Infusion of protamine into the left ventricle at the 
same infusion rate as in control animals increased 
mean pulmonary artery pressure from 19 + 2 to 36 + 
4 and 25. + 3 mm Hg at 2 and 5 min, respectively. 
Pulmonary vascular resistance increased 580%. Heart 
rate remained essentially unchanged, while mean 
arterial pressure decreased slightly, by 18%, 5 min 
after protamine. Cardiac output and stroke volume 
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Figure 3. Thromboxane B, plasma concentrations and leukocyte 
counts in all four groups before (0) and 2, 5, and 15 min after 
protamine infusion. For explanation of groups, see Figure 1. 


decreased 23% and 26%, respectively. Thromboxane 
B, plasma concentration increased 287%. Leukocyte 
counts decreased 47% at 2 min and returned to 
baseline levels 15 min after protamine; platelet counts 
did not change significantly. 


Clemastine/Ranitidine-Pretreated Animals, Group 3 


In this group protamine also caused transient pulmo- 
nary hypertension with mean pulmonary artery pres- 
sure increasing from 19 + 2 to 34 + 3mm Hg at 2 min 
and to 32 + 2 mm Hg at 5 min after protamine 
infusion. Pulmonary vascular resistance increased 
493%. Heart rate and systemic arterial pressure did 
not change significantly, but cardiac output de- 
creased 27% 2 min after protamine infusion and 
returned to baseline 3 min later. Stroke volume 
decreased 2 and 5 min after protamine. In these 
animals plasma thromboxane B, concentration in- 
creased 214%. Maximal decreases in leukocyte 
counts, 53%, occurred 2 min after protamine ‘and in 
platelet counts, 30%, 5 min after protamine. 


PROTAMINE REACTIONS: HISTAMINE AND PAF 


Platelet-Activating Factor Assay 


The minimum concentrations of synthetic PAF that 
caused detectable platelet aggregation depended on 
the quality of the platelet preparation and ranged 
from 10 to 50 ng/L. In none of the 52 investigated 
serum samples, taken from control animals as well as 
WEB 2086 pretreated animals before and 2, 5, and 15 
min after protamine infusion, did we observe detect- 
able platelet aggregation. Because recovery of syn- 
thetic PAF from porcine blood was 73% in the imme- 
diately processed plasma samples and 55% in the 
frozen and rethawed plasma, serum PAF concentra- 
tions were consistently below 20-100 ng/L in all 
animals and did not increase beyond this concentra- 
tion during the heparin-protamine reaction. 


Effectivity of WEB 2086 


In the three untreated animals 40 ng/kg synthetic PAF 
caused severe pulmonary hypertension and systemic 
hypotension; this resulted in death by cardiac arrest 
in one pig. Injection of 5 mg/kg WEB 2086 5 min 
before PAF prevented these effects. 


WEB 2086-Pretreated Animals, Group 4 


In animals pretreated with PAF receptor antagonist 
protamine infusion increased mean pulmonary artery 
pressure from 20 + 1 to 34 + 2 and 32 + 2 mm Hg 
within 2 and 5 min, respectively. Maximal increase in 
pulmonary vascular resistance, 545%, occurred at 2 
min. Heart rate remained unchanged, but mean 
arterial pressure decreased 27% and returned to base- 
line levels after 15 min. Decreases in cardiac output 
and stroke volume, although amounting to 28% and 
33%, respectively, were statistically not significant. 
The increase in thromboxane B, concentration 
amounted to 123%. The maximal decrease of leuko- 
cyte counts was 52% at 2 min and of platelet counts 
25% at 5 min after protamine infusion. 


Statistical Comparisons Between Groups 


With few exceptions, reactions to protamine reversal 
of heparin were not different among the four exper- 
imental groups. Cardiac output decreased signifi- 
cantly more in group 2 at 2 min after left ventricular 
infusion of protamine as compared with control ani- 
mals, where protamine was infused into the right 
atrium. Also, in group 2 animals leukocyte counts 5 
min after protamine were higher than in the other 
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three groups. Platelet counts decreased more in 
group 3 (clemastine/ranitidine) and in group 4 (WEB 
2086) than in group 1 (control) animals. 


Discussion 


The results of this study indicate (a) arterial infusion 
of protamine for reversal of heparin does not influ- 
ence the severity of pulmonary vasoconstriction; and 
(b) histamine and PAF are not involved in pulmonary 
vasoconstriction after heparin-protamine. 

In the present study an anesthetized pig model 
and experimental protocol were used that had proven 
useful in previous studies of heparin-protamine reac- 
tions (6,7). In all animals 100 mg protamine was 
slightly in excess of the amount required for reversal 
of the 250 [U/kg heparin injected 17-18 min previ- 
ously. Thus, using a fixed dose of protamine to 
antagonize a variate dose of heparin should have 
only a minor effect on the results. Although not 
common in clinical practice, protamine was infused 
over 2 min because this infusion rate has reproduc- 
ibly produced severe pulmonary hypertension in pigs 
(6,7). 

The effects of heparin-protamine on hemodynam- 
ics, thromboxane A, release, and blood cell counts in 
this study correlate well with previously published 
results from this laboratory (6,7) as well as with 
observations in other animal species (5,13) and in 
humans (3,14). The most severe reaction to prota- 
mine infusion was transient pulmonary vasoconstric- 
tion, with pronounced increases of pulmonary artery 
pressure and pulmonary vascular resistance, often, 
but not necessarily, accompanied by decreases in left 
ventricular filling pressure, cardiac output, and mean 
arterial pressure. These hemodynamic effects oc- 
curred together with an increase in thromboxane B, 
plasma concentrations, a transient decrease of leuko- 
cyte counts, and, in some studies, a less pronounced 
decrease in platelet counts. Usually all variables re- 
turn to normal within a short period, about 15 min in 
the present study. This pattern represents the type III 
reaction, catastrophic pulmonary vasoconstriction, 
according to the classification of adverse protamine 
reactions in two recent review articles by Horrow 
(1,2). This type of reaction is observed infrequently in 
humans, but it occurs regularly in the present pig 
model or in sheep (5). Type I (systemic hypotension 
related to rapid administration) and type II (anaphy- 
lactic or anaphylactoid) reactions are obviously not 
involved or are masked by catastrophic pulmonary 
vasoconstriction in the pig model. Therefore, discus- 
sion of results of this study will refer to the type IH 
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reaction only, and conclusions concerning possibly 
protective effects of the investigated receptor blockers 
in type I or type II reactions after protamine reversal 
of heparin cannot be drawn. 

The rationale for comparing the effects of arterial 
and venous infusion of protamine was the hypothesis 
that release of vasoactive substances from the lung 
might be reduced when protamine was diluted or 
already complexed with heparin before reaching the 
pulmonary vasculature (15). Several animal studies 
comparing left- and right-sided injections of prota- 
mine have been inconclusive (2). A study performed 
in pigs provided no difference in hemodynamic reac- 
tions after intraaortic or intravenous infusion of pro- 
tamine, but thromboxane release and blood cell 
counts were not measured in these animals (16). A 
number of studies in humans found no advantage for 
arterial versus venous infusion of protamine insofar 
as changes in systemic blood pressure were con- 
cerned (17-19), but pulmonary artery pressure did 
not increase in these patients; therefore, effects on 
pulmonary hypertension could not be detected. 

The results of the present study clearly indicate 
that arterial infusion of protamine provides no pro- 
tection against catastrophic pulmonary vasoconstric- 
tion as compared with venous infusion. On the 
contrary, the decrease of cardiac output was even 
significantly more pronounced in group 2 when pro- 
tamine was infused into the left ventricle than in 
group 1 with central venous infusion of protamine. 
Also, the initial decrease of leukocyte counts was 
identical after arterial and venous infusion of prota- 
mine. The relevance of significantly less depressed 
leukocyte counts in group 2 at 5 min after protamine 
is unclear. 

As early as 1949 Jaques claimed there was a causal 
connection between the hemodynamic reactions and 
the activation of platelets after heparin-protamine. In 
dogs, the pronounced decrease in blood pressure was 
associated with a decrease in platelet counts, and 
experimentally induced thrombopenia before the in- 
fusion of protamine prevented the decrease in blood 
pressure (20). In patients, the administration of pro- 
tamine is uniformly associated with a decrease in 
platelet counts (3,4,14). Acetylsalicylic acid or indo- 
methacin prevents pulmonary vasoconstriction but 
not thrombopenia after protamine infusion in dogs 
and in pigs (7,21), suggesting that cyclooxygenase 
metabolites of arachidonic acid induce the vascular 
reactions to protamine but not thrombopenia. The 
observation that thromboxane A, largely mediates 
the hemodynamic effects of heparin-protamine (5,7) 
might support the hypothesis of a causal contribution 
of activated platelets to this reaction. 
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The manner in which platelets are activated by 
heparin-protamine, however, remains unclear. We 
studied the hypothesis that PAF was involved in the 
activation of platelets and the pulmonary vasocon- 
striction after heparin-protamine. 

The effects of PAF have been investigated in sev- 
eral animal and in vitro models (8). Decreases in 
platelet and leukocyte counts, systemic hypotension, 
and pulmonary hypertension, as well as the release 
of thromboxane and prostacyclin, fit well into the 
pattern of effects observed after heparin-protamine. 
The finding that PAF can induce pulmonary hyper- 
tension and thromboxane release even in cell-free 
perfused lungs (22) indicates that, although platelets 
themselves may not be necessary for the pulmonary 
effects of heparin-protamine (23), PAF might still be 
involved by a direct action on the pulmonary endo- 
thelium. 

Possible sources of PAF production could be plate- 
lets, stimulated leukocytes, or endothelial cells (8). 
Regarding the widely described complement activa- 
tion by heparin-protamine interaction in vitro (24), in 
animals (5), and in humans (4,25), the release of PAF 
from mast cells, responding to Cs, formation (26), 
could have been a pathway involved in the mediator 
sequence finally resulting in thromboxane release 
and the hemodynamic effects of heparin-protamine. 

However, the data of the present study disprove 
the existence of a causal participation of PAF in the 
heparin-protamine reaction. The PAF bioassay em- 
ployed in this study has been successfully used to 
detect PAF generation in vivo (10). In our laboratory, 
detectable platelet aggregation was achieved with 
PAF standards at concentrations as low as 10-50 
ng/L. Recovery of PAF from porcine blood was stud- 
ied because rapid metabolization of PAF has been 
described in vivo (8) and might also occur during the 
processing of the blood samples. The reduced recov- 
ery of synthetic PAF from porcine blood elevates the 
actual detection limit to 20-100 ng/L. The assay was 
highly specific for PAF because platelet aggregation 
could be totally prevented by adding the PAF recep- 
tor antagonist WEB 2086 to the platelet suspension. 
Thus, the finding in this study that PAF was not 
detected in any of the serum samples before or after 
heparin-protamine administration is highly reliable in 
that PAF in detectable amounts was not present in 
the serum samples. 

This dees not, however, totally exclude a role of 
PAF in the heparin-protamine reaction, because con- 
centrations of PAF even lower than 20 ng/L might be 
biologically active. Therefore, five animals were stud- 
ied in which PAF was antagonized by 5 mg/kg WEB 
2086 5 min before protamine infusion. In the prelim- 
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inary experiments, this dosage had proven effective 
in completely suppressing the hemodynamic effects 
of injected synthetic PAF. Because WEB 2086 did not 
prevent or even modulate the hemodynamic reac- 
tions, thromboxane release, or the decrease in leuko- 
cyte counts after heparin-protamine, a causal role of 
PAF as mediator of the heparin-protamine reaction 
can be excluded. Thus, use of PAF antagonists cannot 
be expected to reduce the incidence or severity of 
adverse type III reactions to heparin-protamine. 

A vasoactive agent that has long been studied as a 
major factor in heparin-protamine reactions is hista- 
mine (20,27). The hypotensive effect of protamine in 
dogs has been described as histamine-like, and in 
volunteers protamine has produced typical symp- 
toms of histamine release such as itching, flushing, 
fatigue, nausea, headache, hyperventilation, and 
temperature elevation (27). Also, in vitro, organic 
cations like polyarginine or polylysine induced hista- 
mine secretion from human basophil leukocytes (28). 
Surprisingly, in the same study protamine, a cationic 
polypeptide containing 66% arginine, failed to release 
histamine. However, a later study showed that pro- 
tamine potentiated the immunoglobulin E-stimulated 
histamine release from human basophils (29), thus 
confirming a possible role of histamine in protamine 


reactions. In patients, a decrease in systemic pressure - 


after protamine reversal of heparin after cardiopul- 
monary bypass was accompanied by increased hista- 
mine plasma levels (30). Also, histamine receptor 
blockade attenuated the protamine-induced systemic 
hypotension in patients after cardiopulmonary by- 
pass (31). 

Thus, the finding in group 3 animals of the present 
study that simultaneous H,- and H,-blockade had no 
effect on hemodymic changes, thromboxane release, 
or leukocyte counts in the heparin-protamine reac- 
tion appears to conflict with these previous reports. 
However, the histaminelike effects in dogs and hu- 
man volunteers occurred after protamine injection 
without prior heparinization, whereas in pigs (7) and 
sheep (5) protamine alone had no or only negligible 
hemodynamic effects. It seems likely that different 
types of protamine reactions as defined by Horrow 
(1) account for the different findings in these studies. 
Also, in studies in humans in which histamine re- 
lease was detected (30) or histamine antagonists 
proved effective (31), type I reactions, i.e., systemic 
hypotension after rapid injection of protamine rather 
than catastrophic pulmonary vasoconstriction of type 
III reaction, were investigated. Fortunately, type III 
reactions occur only infrequently in humans although 
observed regularly in sheep and pigs, which, there- 
fore, have been chosen for investigating its mecha- 
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nisms (5-7). Histamine levels were not measured in 
the present study. However, because histamine an- 
tagonists were ineffective in the present animal 
model of catastrophic pulmonary vasoconstriction, a 
possible finding of elevated histamine concentrations 
would not suggest an actual role of histamine in the 
type II reaction. It would rather be due to a simulta- 
neously occurring mild type I reaction, which is 
masked by the predominant pulmonary vasoconstric- 
tion. Thus, the data of the present study do not 
contradict previous findings of a possible role of 
histamine in type I reactions, but clearly exclude a 
major role of histamine in pulmonary hypertension 
after heparin-protamine. 

Although the findings of the present study do not ` 
provide a conclusive explanation for the mechanisms 
responsible for the thromboxane A, release that 
causes acute pulmonary hypertension in heparin- 
protamine reactions, they clearly show that neither 
histamine nor PAF are involved in this reaction. 
Because the mechanisms that are active in the hep- 
arin-protamine reaction might represent a patho- 
physiological principle that acts in other reactions as 
well, further studies are desirable to identify all steps 
of the mediator sequence that finally results in throm- 
boxane A, release and its adverse hemodynamic 
effects. 


The authors gratefully acknowledge the technical skill of Anne 
Holzer and Sylvia Schneider, and thank Boehringer Ingelheim KG, 
6507 Ingelheim am Rhein, Germany, for generously supplying the 
PAF antagonist WEB 2086. 
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Comparison of Midazolam and Propofol in Combination With 
Alfentanil for Total Intravenous Anesthesia 


Jaap Vuyk, MD, Pim J. Hennis, MD, PhD, Anton G.L. Burm, PhD, 
Jan-Willem H. de Voogt, Msc, and Johan Spierdijk, MD, PhD, FFARCS (HON) 


VUYK J, HENNIS PJ, BURM AGL, DE VOOGT JWH, 
SPIERDIJK J. Comparison of midazolam and propofol in 
combination with alfentanil for total intravenous 
anesthesia. Anesth Analg 1990;71:645-50. 


Hemodynamic function during induction of anesthesia, the 
alfentanil and naloxone requirements, and the speed of 
recovery from total intravenous anesthesia with alfentanil/ 
midazolam (group M, n = 10) or alfentanil/propofol (group 
P, n = 10) were compared in patients undergoing lower 
limb surgery. Twenty patients were randomly assigned to 
receive either 2 mg/kg propofol in 5 min followed by 
9 mge-kg~?-h~? for 30 min and 4.5 mg-kg~7-h—! until skin 
closure, or 0.42 mg/kg midazolam in 5 min followed by 
0.125 mg-kg~?-h~? until skin closure. Simultaneously, a 
variable-rate infusion of alfentanil was given. Patients were 
ventilated with 30% oxygen in air. In both groups blood 


The introduction of short-acting noncumulative intra- 
venous (IV) anesthetics has increased the controlla- 
bility and thus the interest in total intravenous anes- 
thesia (TIVA). Total intravenous anesthesia has 
advantages compared with anesthesia with nitrous 
oxide or volatile anesthetics. For example, TIVA 
avoids operating room pollution with trace amounts 
of gaseous and volatile anesthetics and, because no 
nitrous oxide is used, is likely to reduce the incidence 
of intraoperative and postoperative hypoxia. On the 
other hand, TIVA has disadvantages as well. During 
TIVA, hypnosis and analgesia are induced and main- 
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pressure and heart rate decreased significantly (P < 0.02) 
and to a similar extent during induction. The total dose of 
alfentanil was similar in both groups. No patient in group 
P and nine patients in group M needed naloxone (average 
dose 130 + 70 pg, P < 0.001). Recovery, as judged by 
psychomotor tests (90% score was reached at 1 h in the P 
group and at about 4 h in the M group, P < 0.001), 
sedative scores, and orientation in time and place, was 
shorter in group P than in group M. The conclusion is 
reached that propofol is superior to midazolam in total 
intravenous anesthesia with alfenianil. 


Key Words: ANESTHETICS, INTRAVENOUS— 
midazolam, propofol. ANESTHETIC 
TECHNIQUES, InrravENous—total. ANALGESICS, 
ALFENTANIL. 


tained separately by different agents. Consequently, 
to control anesthetic depth properly one has to be 
able to distinguish whether a patient shows signs of 
inadequate hypnosis or suffers from pain. Because at 
this moment no parameter is available for accurately 
measuring the intraoperative depth of hypnosis, hyp- 
notic agents are infused according to standard infu- 
sion schemes causing some patients to be barely 
asleep and others to be overdosed. 

Hypnotic agents differ remarkably in their phar- 
macologic profile. Among their differences are those 
in hemodynamic effects, speed of recovery, and oc- 
currence of anterograde amnesia. Both midazolam (1) 
and propofol (2) have been clinically evaluated and 
are suitable for continuous infusion because of their 
relatively short elimination half-lives. Although it is 
claimed that propofol results in very rapid recovery, 
comparative studies with midazolam in TIVA are 
lacking. In this study we compared the hemodynam- 
ics of induction, the alfentanil and naloxone require- 
ments, and the speed of recovery of these two hyp- 
notic agents in combination with alfentanil for TIVA. 
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Patients and Methods 


After obtaining informed consent and approval by 
the Medical Ethics Committee, 20 ASA physical sta- 
tus I patients with an age range of 18-45 yr who were 
scheduled for lower limb surgery were studied. Pa- 
tients with a history of hepatic or renal disease, and 
patients using sedatives or drinking more than two 
alcoholic beverages a day, were excluded from the 
study. The patients were randomly assigned to one of 
two study groups, receiving either midazolam (group 
M) or propofol (group P) in combination with alfen- 
tanil. 

Premedication was with 10 mg oral temazepam 1 h 
preoperatively. On the patient’s arrival in the opera- 
tion room, electrocardiogram electrodes were placed 
on the chest and blood pressure was measured. A 
nerve stimulator (Myotest) was installed by fixing 
two electrodes on the ulnar side of the wrist, and an 
intravenous cannula was placed in a large forearm 
vein. 

After 3 min of preoxygenation, anesthesia was 
induced and then maintained by infusion of either 
midazolam or propofol, and alfentanil. Propofol in- 
fusion was started with a loading dose of 2 mg/kg in 
5 min, followed by a continuous infusion of 9 
mg-keg~?-h7! for 30 min and then 4.5 mg-kg~!-h7! 
until skin closure (3). Midazolam infusion was started 
with a loading dose of 0.42 mg/kg in 5 min, followed 
by a continuous infusion of 0.125 mg-kg~*-h7? until 
skin closure (4). At the time of starting the infusion of 
midazolam or propofol, a bolus of 25 ug/kg alfentanil 
was given and the infusion rate of alfentanil was 
started at 50 wg-kg™'-h7?. An additional 25 ug/kg 
alfentanil was given just before skin incision. No 
preload was given. During induction 150-200 mL of 
2.5% glucose/0.9% NaCl was infused. As soon as the 
patients were unconscious, 0.1 mg/kg vecuronium 
was given and the trachea was intubated. Ventilation 
was maintained with 30% oxygen in air to an end- 
tidal carbon dioxide concentration of 4-5 vol% for the 
entire procedure. 

Alfentanil administration was continued by vari- 
able-rate infusion (5). When signs of inadequate 
anesthesia developed, an additional bolus of 7 ug/ke 
was given and the infusion rate increased by 25 
ug-ke~?-h7? to a maximum of 150 wg-kg~*-h7?. After 
a 15-min absence of such signs the infusion rate was 
decreased. by 25 wg-kg™*-h7! to a minimum of 25 
ug-kg~*-h~*. Inadequate anesthesia was defined by 
the following criteria: 


1. An increase in systolic blood pressure by more 
than 15 mm Hg above normal for that patient. The 
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normal systolic blood pressure was defined as the 
mean of three systolic blood pressures measured 
from admission until premedication. 

2. A heart rate exceeding 90 beats/min in the absence 
of hypovolemia. 

3. Other autonomic signs such as sweating or 
flushing. 

4. Somatic responses such as movements, swallow- 
ing, or eye movements. 


The alfentanil infusion was stopped 10 min before 
skin closure. Neuromuscular transmission was mon- 
itored every 5-15 min by percutaneous stimulation of 
the ulnar nerve using the “train-of-four” method. 
After the reappearance of the fourth twitch, an addi- 
tional 1 mg IV vecuronium was given. After skin 
closure, residual neuromuscular blockade was antag- 
onized by 1 mg IV neostigmine and 0.5 mg IV 
atropine. If end-tidal carbon dioxide concentration 
was less than 6 vol%, tidal volume more than 7 
mL/kg, and respiratory rate more than 10 breaths/ 
min, the trachea was extubated. If, 10 min after skin 
closure, patients did not breathe adequately, respira- 
tory depression was antagonized by 40 yg IV nalox- 
one every 2 min. After extubation the patient was 
transported to the recovery room. Approximately 
1.5 h later the patient was returned to the ward. 
Blood pressure and heart rate were measured 
before induction, every minute during induction, and 
every 5 min throughout the rest of the procedure. 
The means of three measurements before induction, 
three measurements before intubation, and three 
measurements after intubation were compared. The 
induction time, defined as the time from the start of 
midazolam or propofol infusion to loss of verbal 
contact and eyelash reflex, was recorded. The same 
was done for the recovery time, i.e., the time from 
termination of the midazolam or propofol infusion 
until extubation. To evaluate further the speed of 
recovery, patients were asked to perform two psych- 
omotor tests (6,7): the “blocks” test and the “deletion 
of p's” test, preoperatively and 5, 30, 60, 120, and 240 
min postoperatively. In the blocks test, patients were 
asked to put in 20 s as many blocks as possible 
through four corresponding holes in a wooden 
board. In the deletion of p’s test, patients were asked 
to delete in 2 min as many p’s as possible on a 
foolscap sheet of closely packed, randomly typed, 
letters. Only correctly deleted p’s were counted. At 
the same time the degree of sedation was scored 
using a four-point scale (1, awake; 2, drowsy; 3, 
asleep but arousable; 4, asleep, nct arousable); orien- 
tation in time and place was scored on a three-point 
scale (0, none; 1, orientation in either place or time; 2, 
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orientation in both). On the day after the operation, 
the patients were interviewed tc evaluate possible 
side effects and to assess the duration of anterograde 
amnesia by asking them to recall their first conscious 
moments postoperatively and the number of tests 
they had done the day before. 


Statistical Analysis 


Patient data, induction times, duration of anesthesia, 
and total drug doses were tested for normality with 
the Shapiro—Wilk test and compared between the M 
and P groups with the unpaired Student’s t-test or 
Mann-Whitney U-test, where appropriate. The 
Fisher exact test was used to compare proportions. 
Hemodynamic data were analyzed by repeated- 
measures analysis of variance arid paired t-tests. The 
postoperative time-course in the performance of the 
deletion of p’s test and the blocks test was evaluated 
for each patient by linear regression over the appro- 
priate time intervals. The times rom arrival in the 
recovery room until the patients scored 50% and 90% 
of their preoperative values were estimated for each 
patient and compared between the two groups with 
the Mann-Whitney U-test. P < 0.05 was considered 
as the minimum level of statistical significance, ex- 
cept for multiple (triple) comparison tests, where P < 
0.02 was considered significant. Data are presented 
as mean + sp, or as proportions, where appropriate. 


Results 


Patients in the two groups were comparable with 
respect to age, weight, sex distribution, and types of 
surgery (Table 1). The mean propofol dose was 856 + 
285 mg, infused in 96 + 44 min. The mean midazolam 
dose was 46 + 13 mg, infused in 97 + 56 min. The 
induction time was similar in both groups (2.9 + 1.0 
min in group P and 2.0 + 0.8 min in group M). In 
both groups, systolic and diastolic blood pressures 
and heart rate decreased significantly after induction 
(P < 0.02) and remained lower than the preinduction 
values after intubation (Table 2). No significant dif- 
ference was found in systolic or diastolic blood pres- 
sure or in heart rate over time between the two 
groups. 

Twelve patients showed one to eight responses 
indicating inadequate anesthesia. These responses 
could easily be controlled by a bolus of alfentanil and 
an increase of the infusion rate of alfentanil. Eight 
patients, five in the P group and three in the M 
group, showed no signs of inadequate anesthesia at 
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Table 1. Patient Data and Type of Surgery 


M group P group 

Age Weight Age Weight 
n Sex (yt) (kg) n Sexs (y) (Kg) 
1° F 31 50 2° M 23 87 
9 M 44 81 3? M 30 99 
8° M 27 73 4" M 27 98 
10° M 25 82 6° M 23 67 
11° M 23 85 rag F 33 54 
13” M 22 72 ae M 38 77 
14° M 44 72 12 M 23 85 
17” M 26 73 15° M 18 60 
19° M 38 85 16° M 31 87 
20° M 19 85 18° M 24 63 
Mean 30 75 27 78 
SD 9 10 6 16 

The M group was given alfentanimidazolam; the P group was given 


alfentanil/propofol. See text for details. 
“Osteosynthesis. 
Extraction of osteosynthetic material. 
“Arthroscopy of the knee. 


Table 2. Systolic and Diastolic Blood Pressures and- 
Heart Rate Before Induction, After Induction, and 
After Intubation 


M group P group* 

Systolic blood pressure 

(mm Hg) 

Before induction 127.3 + 13.1 128.4 + 14.6 

After induction 105.2 + 12.2” 101.1 + 11.8° 

After intubation 112.8 + 10.9° 101.8 + 11.2? 
Diastolic blood pressure 

(mm Hg) 

Before induction 75.6 + 8.5 77.2 + 9.0 

After induction 57.7 + 7.7? 51.7 + 9.0? 

After intubation 61.6 + 8.6" 53.3 + 12.6? 
Heart rate (beats/min) 

Before induction 69.5 + 9.6 76.5 + 7.8 

After induction 57.8 + 6.4° 58.5 + 5.6° 

After intubation 61.3+7.4° 63.3 + 9.6? 


The M group was given alfentaniltmidazolam; the P group was given 
alfentanil/propofol. See text for details. 

"No significant difference was found in systolic or diastolic blood 
pressure or heart rate over time between groups M and P. 

’Significantly different (P < 0.02) compared with values before induc- 
tion. 


all, even with the lowest alfentanil infusion rate of 25 
ug-ke~*-h7?. One patient in the M group continued 
to show signs of inadequate anesthesia while receiv- 
ing the maximum alfentanil infusion rate of 150 
ug-kg~'-h~*. Halothane had to be administered to 
this patient, and therefore this patient was excluded 
from the study. After exclusion of this patient, the 
total alfentanil dose and the duration of alfentanil 
infusion were similar in both groups (Table 3). Nev- 
ertheless, a significant difference was found in the 
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Table 3. Alfentanil and Naloxone Requirements 


M group P group P 
Alfentanil* 
Total dose (mg) 126476 10.0 +43 NS 
Infusion time (min) 91 + 52 89 + 45 NS 
Infusion rate 68 + 20 52 + 16 NS 
(ugkg-*h™’) 
Patients requiring 9 0 <0.001 


naloxone (n) 


NS, not significant. 

M and P groups as in Tables 1 and 2. 

“Values are expressed as mean + sp, except that for “Patients requiring 
naloxone.” 


Table 4. Recovery Times and Times to 50% and 90% 
Scores in the Deletion of p’s and the Blocks Tests 


M group P group P 

Recovery time (min)’ 16.9452 85+46 <0.05 
Blocks test 

Time to 50% score (min) 115432 17+11 <0.001 

Time to 90% score (min)? 215 +37 78+37 <0.001 
Deletion of p’s test 

Time to 50% score (min) 141 + 33 27 +6 <0.001 

Time to 90% score (min) 245 + 36 56 +9 <0.001 


M and P groups as in Tables 1 and 2. 

Values are mean + sp. 

"Time from stopping the infusion of midazolam or propofol until 
extubation. 

"Estimated time postoperatively when patients scored 50% and 90% of 
their preoperative values. 


naloxone requirement (Table 3). None of the patients 
in the P group and 9 of 10 in the M group needed 
naloxone to assure adequate respiration according to 
the described criteria (P < 0.001). The mean naloxone 
dose used in the M group was 130 + 70 ug. It was 
striking that in the P group the patients did not 
breathe at all until regaining consciousness. As soon 
as they opened their eyes, adequate respiration was 
restored and they all could be extubated immediately. 
At this time, when patients in the P group regained 
consciousness, the patients in the M group were still 
heavily sedated. A significant difference was found in 
recovery time from termination of the infusion of the 
hypnotic agent until extubation (8.5 + 4.6 min in the 
P group and 16.9 + 5.2 min in the M group [P < 0.05, 
Table 4]). Thé mean values as scored by the patients 
in the two psychomotor tests display a substantial 
difference in recovery between the two groups (Fig- 
ures 1 and 2). The times from entering the recovery 
room until patients scored 50% and 90% of the 
preoperative control values in the blocks and deletion 
of p's tests were significantly shorter in the P group 
than in the M group (P < 0.001, Table 4). The 
sedation scores showed that 1 h postoperatively all 
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Figure 1. Mean scores in the blocks test as scored preoperatively 
(PREOP) and 5, 30, 60, 120, and 240 min postoperatively by the 
patients of both groups. Bars indicate standard deviations. 








Pad 


240 
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Figure 2. Mean scores in the deletion of p’s test as scored preoper- 
atively (PREOP) and 5, 30, 60, 120, and 240 min postoperatively by 
the patients of both groups. Bars indicate standard deviations. 


patients in the P group and none of the patients in the 
M group were awake (score = 1, P < 0.001). After 
4 h, 7 of 10 patients in the M group were awake; the 
other three patients were still drowsy (score of 2). All 
patients in the P group were oriented in both time 
and place within 5 min after entering the recovery 
room, whereas this took patients in the M group 
30-60 min. 

All patients given propofol remembered entering 
the recovery room and recalled having done the 
psychomotor tests five times postoperatively. The 
patients in the M group remembered having done 
these tests once or twice (at 120 and 240 min postop- 
eratively) and only remembered lying in bed in the 
ward postoperatively. None of the patients experi- 
enced pain on injection or nausea, and none vomited 
or showed signs of thrombophlebitis. 
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Discussion 


The main objectives of this study were to compare the 
hemodynamics of induction, the alfentanil and nalox- 
one requirements, and the speed of recovery from 
total intravenous anesthesia with alfentanil/midazo- 
lam and alfentanil/propofol. Infusion schemes were 
chosen such that adequate intraoperative hypnosis 
was assured and unnecessary overdosing was 
avoided. The midazolam infusion scheme was based 
on observations of Persson et al. (4); its goal was to 
obtain adequate intraoperative plasma concentrations 
of midazolam in the order of 300 ng/mL. A pilot 
study, preceding the present study, further demon- 
strated that adequate anesthesia was assured with a 
loading dose of 0.42 mg/kg midazolam, whereas with 
0.25 mg/kg anesthesia was inadequate. Based on a 
study by Fragen et al. (3), the propofol infusion 
scheme was aimed at a plasma concentration of 
propofol in the order of 3 ug/mL, which is generally 
considered to be an adequate level of propofol during 
anesthesia. 

Propofol is known to decrease systolic blood pres- 
sure by 20%-30% during induction (8-11). Grounds 
et al. (9) compared the hemodynamic changes after 
induction with 2.5 mg/kg propofol to that with 4 
mg/kg thiopentone. They concluded that propofol is 
more cardiodepressant than thiopentone. Lebowitz 
et al. (12) compared the cardiovascular effects of 
induction with 0.25 mg/kg midazolam to those with 4 
mg/kg thiopentone. They concluded that, although 
midazolam was associated with more gradual and 
less pronounced hemodynamic alterations, no signif- 
icant difference could be found compared with thio- 
pentone. Combining the results of these studies 
(8-13), one might conclude that 2.5 mg/kg propofol 
causes more profound hemodynamic changes as 
compared with 0.25 mg/kg midazolam. We found no 
significant difference in hemodynamic effects during 
induction with midazolam (0.42 mg/kg) as compared 
with propofol (2 mg/kg). Therefore we conclude that 
with the doses used in this study, and in combination 
with alfentanil, midazolam has no advantages over 
propofol from a hemodynamic point of view. 

Intraoperative alfentanil dose requirements were 
similar with propofol and midazolam. The mean 
alfentanil dose requirements in both groups may be 
slightly overestimated, because five patients in the P 
group and three patients in the M group showed no 
signs of inadequate anesthesia at all. In contrast, 
Ausems et al. (5), using a variable-rate infusion of 
alfentanil in combination with nitrous oxide, de- 
scribed responses in all patients. The differences in 
the observations of this study and the study of 
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Ausems may be related to differences in the type of 
surgery. Another explanation may be that the alfen- 
tanil requirement is lower during TIVA with propofol 
or midazolam than during anesthesia with nitrous 
oxide in oxygen. 

The difference in naloxone requirement between 
the two groups, after similar dosages of alfentanil, 
may be explained by the difference in the pharmaco- 
kinetic profile of midazolam as compared with propo- 
fol. Propofol concentrations decline rapidly after ter- 
mination of the infusion because of continued 
extensive distribution, in addition to elimination. 
Midazolam concentrations, on the other hand, de- 
cline at a slower rate, because distribution after 
prolonged infusion is less extensive. The combination 
of alfentanil with relatively high concentrations of 
midazolam, which in itself has respiratory depressant 
properties, may be partially responsible for the res- 
piratory depression in group M. Second, our obser- 
vations in group P suggest that consciousness and 
perception of one’s environment are important stim- 
uli in regaining adequate respiration. Because pa- 
tients of group M were still heavily sedated postop- 
eratively, they lacked the sensory input that could 
stimulate them to breathe adequately. 

The difference in speed of recovery between the P 
and the M group, as measured by the deletion of p's 
and the blocks test as well as by the sedation scores 
and the orientation in time and place scores, was 
highly significant and may be related to a difference 
in plasma concentration decline of the two hypnotic 
agents. 

In summary, we conclude that, although both 
midazolam and propofol assured satisfactory surgical 
conditions in combination with alfentanil, propofol 
resulted in a faster recovery with less respiratory 
depression. Midazolam does not have an advantage 
from a hemodynamic point of view over propofol 
during induction of anesthesia. Consequently, 
propofol seems to be the drug of choice for TIVA in 
combination with alfentanil. 


The authors thank M.P.M. Toelen, M.J.F. van der Keur, and J. I. 
Tieleman-Shamier for their secretarial assistance. 
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improved cardiac output monitoring. Anesth Analg 1990; 
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Cardiac output monitoring by transesophageal Doppler 
ultrasound has not gained wide clinical acceptance. A 
recently developed transesophageal Doppler device, Accu- 
com 2, features technological advances aimed to reduce the 
error of this approach to the monitoring of cardiac output. 
To determine if Accucom 2 enables more accurate cardiac 
output monitoring, a prospective investigation was under- 
taken. Analyses of 923 simultaneous measurements of 
transesophageal Doppler and thermodilution cardiac output 


Transesophageal Doppler ultrasonography offers a 
noninvasive alternative to thermodilution techniques 
for the measurement of cardiac output (CO). The 
basis of CO determinations by Dcppler ultrasound is 
the product of mean aortic blood velocity and aortic 
cross-sectional area. Ultrasonic blood velocity mea- 
surement is calculated by the Doppler equation 
which relates the velocity of blocd to the frequency 
shift of reflected ultrasound waves. Doppler signals 
can be reliably obtained with an ultrasound probe 
placed externally at the suprasternal notch and di- 
rected at the ascending aorta. Several investigations 
have demonstrated that this transcutaneous tech- 
nique correlates well with thermodilution CO mea- 
surements (1-7). 

From a monitoring perspective, the transesoph- 
ageal approach has received considerable attention. 
The close proximity of the descending aorta to the 
esophagus provides an excellent window for obtain- 
ing Doppler signals. Once positioned, the transe- 
sophageal probe is stabilized by the esophagus, per- 
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in 47 anesthetized patients were compared. Results using 
Accucom 2 were highly correlated with the results obtained 
with thermodilution (R = 0.91) and provided significantly 
greater accuracy in comparison with a previously developed 
Doppler cardiac output monitor, Accucom 1. Technological 
advances in transesophageal Doppler ultrasound hold 
promise for clinically useful noninvasive monitoring of 
cardiac output. 


Key Words: MONITORING, ULTRASONOGRAPHY— 
transesophageal Doppler. MEASUREMENT 
TECHNIQUES, CARDIOVASCULAR—transesophageal 
Doppler ultrasonography. HEART, CARDIAC 
ouTpuT—transesophageal Doppler ultrasonography. 


mitting continuous monitoring. A stationary probe is 
particularly advantageous for intraoperative monitor- 
ing because the repeated probe positioning required 
by transcutaneous techniques is time-consuming and 
provides only intermittent data. 

The initial transesophageal Doppler CO monitors 
developed for clinical use, such as Accucom 1 (Data- 
scope Corporation) and Ultracom (Lawrence Medical 
systems, Inc.) share several limitations. Difficulties 
with these devices include improper sampling of 
aortic blood velocities and instability of the esopha- 
geal probe signal. Thus, transesophageal Doppler 
assessment of CO has yet to enjoy widespread clini- 
cal use. A recently developed transesophageal Dop- 
pler device, Accucom 2 (Datascope Corporation), 
features technological advances aimed at reducing 
these sources of error. Incorporated into Accucom 2 is 
a real-time display of the blood velocity profile and a 
digital measure of received Doppler signal strength. 
Mounted at the tip of a 20F esophageal probe is a 
continuous-wave piezoelectric transducer, transmit- 
ting a 4-MHz, 70° wide, ultrasonic beam. These 
features were developed to enable proper placement 
of the ultrasound transducers and sensitive detection 
of changes in probe positioning and signal quality. 

The present investigation was designed to evalu- 
ate the Accucom 2 prospectively to determine if it 
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could provide more accurate monitoring of CO. This 
report describes our experience with the Accucom 2 
device in anesthetized patients and compares its 
performance to thermodilution as well as to an earlier 
generation transesophageal Doppler CO monitor, 
Accucom 1. 


Methods 
Ultrasonography Techniques 


Doppler ultrasonographic examination was per- 
formed in 47 patients scheduled for noncardiac sur- 
gery at Yale-New Haven Medical Center following a 
Human Investigation Committee approved protocol. 
Patients with an intracardiac shunt, aortic or tricuspid 
valve disease, or dissecting aortic aneurysm were 
excluded. In those patients undergoing aortic recon- 
structive surgery, CO measurements were made be- 
fore aortic cross-clamping. Twenty-three patients 
were studied with an Accucom 2 transesophageal 
Doppler CO monitor and 24 patients with an Accu- 
com 1 transesophageal Doppler CO monitor. 

Each device requires a three-step procedure for CO 
determination. First, aortic cross-sectional area is 
calculated by nomogram based on patient character- 
istics, including age, sex, height, and weight. Sec- 
ond, after induction of general anesthesia and tra- 
cheal intubation, the 20F esophageal probe is inserted 
and positioned to optimize Doppler signal. The 
esophageal probe also connects to an earpiece for use 
as a stethoscope. Third, the esophageal Doppler 
signals are calibrated with a transcutaneous Doppler 
probe placed in the suprasternal notch, which mea- 
sures ascending aortic flow. Calibration of the esoph- 
ageal probe is required to account for blood flow 
distribution to the aortic arch vessels and for the wide 
angle of incidence between the esophageal Doppler 
beam and descending aortic blood flow. The basis of 
the calibration procedure is calculation of a propor- 
tionality constant (K factor), which equals the ratio of 
ascending aortic to descending aortic blood velocity. 
The proportionality constant was determined in each 
patient at the initial calibration and was not adjusted 
during the procedure. Once calibrated, the transe- 
sophageal Doppler signals permit continuous mea- 
surement of stroke volume and CO based on de- 
scending aortic flow signals. These values represent 
the average over a 15-s interval. The monitor updates 
its digital display of CO every 15 s. 

As a reference standard, thermodilution CO mea- 
surements were obtained at end-expiration using 
room-temperature injectate and a single, dedicated 
computer (COM-1, American Edwards). During a 
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period of hemodynamic stability, repeated simulta- 
neous thermodilution CO and transesophageal Dop- 
pler CO measurements were obtained and defined an 
epoch. For an epoch to be acceptable for analysis 
three to four CO values with less than 10% variation 
were required for each technique. 

The Accucom 1 data were collected from Novem- 
ber 1987 through August 1988. The Accucom 2 data 
were collected from November 1988 through June 
1989. All Doppler examinations were performed by 
an ultrasonography team consisting of two authors 
(A.P., J.F.) who had previous clinical experience with 
Doppler ultrasonography. 


Statistical Analysis 


For both Accucom 1 and Accucom 2, comparison of 
simultaneous transesophageal Doppler CO and ther- 
modilution CO measurements included calculation of 
the mean Doppler CO and mean thermodilution CO 
for each epoch. The means of these epochs were then 
analyzed by simple linear regression with calculation 
of the slope, intercept, and standard error of the 
estimate. Pearson’s product-moment correlation co- 
efficient was also determined. 

The technique of Bland and Altman was used to 
define better the association between simultaneous 
Doppler and thermodilution measurements (8). The 
mean of the differences between simultaneous 
transesophageal Doppler and thermodilution mea- 
surements provides a measure of bias. The standard 
deviation of the difference between simultaneous 
measurements is a measure of the accuracy of Dop- 
pler measurements in estimating thermodilution 
measurements. The mean absolute percent error rep- 
resents the error in the Doppler technique as a 
percentage of actual CO. With the Bland and Altman 
method, the actual CO for an epoch is defined as the 
mean of the Doppler and thermodilution measure- 
ments. This definition limits the statistical bias caused 
by measurement errors inherent in the thermodilu- 
tion technique. Cardiac output measurement, as with 
many biological measurements, has no absolute gold 
standard. Thermodilution represents an imperfect, 
but widely accepted, standard for clinical CO mea- 
surement (9). The actual CO during any epoch is thus 
unknown, and, for statistical purposes, the mean of 
the transesophageal Doppler and thermodilution 
measurements is considered the best approximation 
(8). Both Accucom 1 and Accucom 2 data were 
compared with thermodilution data by the Bland and 
Altman method. 

Student's t-test and F-test were used to determine 
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Table 1. Patient Demographics 





Age Height Weight 

(yr) (cm) (kg) 
Accucom 1 65.8 + 11.2 173 + 10 72.8 = 16.3 
Accucom 2 66.2 + 10.5 170 + 14 70.7 + 14.6 


All values are expressed as mean + sp. 
Both groups consist primarily of elderly patients. There are no significant 
differences in age, height, or weight. 


if statistically significant improvements in the associ- 
ation between Doppler and thermodilution measure- 
ments occur with the use of Accucom 2 as compared 
with Accucom 1. In both tests a P value of less than 
0.05 was considered to be statistically significant. 
Data were also analyzed to détermine if operator 
experience influenced the performance of these CO 
monitors. For each device, data from the first half of 
the patient population were compared with data from 
the second half. A Student’s t-test was performed, 
with P < 0.05 considered to be statistically significant. 


Results 


Three patients in the Accucom 1 group. and one 
patient in the Accucom 2 group were excluded be- 
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cause of poor Doppler signal quality. Demographics 
of the patient population are summarized in Table 1. 
There were no significant differences in age, height, 
or weight between the study groups. 

A total of 923 paired Doppler and thermodilution 
determinations were made in 43 patients. Cardiac 
output determinations were divided into 291 epochs 
for data analysis; each epoch consisted of three to 
four paired CO determinations during a hemody- 
namically stable period of less than 5 min. The 
distribution of measurements of CO was similar in 
both groups with a range of 2.0-10.0 L/min (Figure 1). 

The scattergrams and regression analysis of the 
data are shown in Figure 2. The Accucom 2 data show 
an excellent correlation with thermodilution (R = 
0.91), one higher than that found in the Accucom 
group (R = 0.72). : 

To demonstrate better the agreement between 
Doppler and thermodilution measurements, the tech- 
nique of Bland and Altman was chosen (8). Figure 3 is 
a plot of the difference between simultaneous ther- 
modilution and Doppler measurements. The mean 
difference (bias) and two standard deviation range 
are also plotted. Accucom 2 shows close agreement 
with thermodilution throughout the CO range and 
was more accurate than Accucom 1. This was dem- 
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Thermodilution Cardiac Output 
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Doppler Cardiac Output (l.min“') 


Figure 2. Scàttergram of simultaneous transesophageal Doppler 
and thermodilution CO measurements. Accucom 2 data shows 
improved correlation with thermodilution measurements. 


onstrated by statistically significant reductions in 
bias, standard deviation, and mean absolute percent 
error (P < 0.05). l 
The effects of operator experience were examined 
by comparing the performance of each Doppler de- 
vice on the first half of the study group with the 
second half. There was no improvement in accuracy 
as measured by bias, standard deviation, and mean 
absolute percent error for either Accucom 1 or Accu- 
com 2 with increased operator experience (Figure 4). 


Discussion 


Transesophageal Doppler ultrasound is a noninva- 
sive technique for the continuous monitoring of CO. 
The inherent safety of transesophageal Doppler ex- 
tends the applicability of CO monitoring to a broader 
spectrum of patients. However, transesophageal 
Doppler CO monitoring has performed inconsis- 
tently in anesthetized patients (10-13). A study of 16 
patients undergoing aortocoronary bypass surgery 
found a poor correlation between transesophageal 
Doppler and thermodilution measurements (R = 
0.43) (10). Analysis of this study revealed that calibra- 
tion of the esophageal probe was a major source of 
error in the Doppler measurements. An average 
correlation coefficient of 0.67 (range, —0.02~-0.99) was 
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reported with transesophageal Doppler monitoring 
in 23 surgical patients (11). The investigators con- 
cluded that the operator-dependent nature of the 
Doppler technique contributed to the inconsistent 
results. In a separate study, Accucom 1 was used in 
25 patients after aortocoronary bypass surgery (12). 
The investigators concluded that the standard error 
of the estimate of 1.4 L/min was unacceptably large 
for clinical monitoring. Consequently, technical re- 
finements in transesophageal Doppler CO measure- 
ments were undertaken to improve the accuracy of 
the technique. 

Emphasis has been focused on reducing those 
errors associated with improper sampling of aortic 
flow velocities and instability of the esophageal probe 
signal. Our data support the hypothesis that techno- 
logical advances in Doppler ultrasound, as engi- 
neered in Accucom 2, improve the accuracy of CO 
monitoring. Accucom 2 data demonstrated excellent 
correlation with thermodilution measurements and 
provided greater accuracy over Accucom 1, as dem- 
onstrated by significant reductions in bias, standard 
deviation, and mean absolute percent error. 

Accucom 2 incorporates both real-time blood ve- 
locity profile and digital signal strength display to aid 
in the proper positioning of the ultrasound transduc- 
ers. We believe that these features are at least par- 
tially responsible: for the improved performance. Cal- 
ibration of the esophageal probe is accomplished with 
a transcutaneous probe placed at the suprasternal 
notch. For accurate CO measurements the supraster- 
nal probe must be aimed nearly parallel to the high- 
velocity core of ascending aortic flow. With the 
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Accucom 2 device, proper positioning of the su- 
prasternal probe was recognized as having maximal 
signal strength and a sharply defined velocity profile. 
This was a more objective procedure than relying 
solely on the audible Doppler frequency shift as 
required with Accucom 1. The displays also aided the 
detection of nonaortic flow signals (e.g., innominate 
artery flow) that result in erroneous CO measure- 
ments. Additionally, during use of Accucom 2 the 
displays enabled early recognition of a decay in the 
esophageal Doppler signal, thereby alerting the phy- 
sician to the need for repositioning the probe. 

The 4-MHz, 70° wide-beam esophageal transducer 
_ designed for the Accucom 2 provided excellent Dop- 
pler signals. Earlier designs utilized a 3-MHz, 40°- 
wide-beam transducer. The modifications in beam 
width arid ultrasonic frequency result. in a larger 
ultrasound field. The wide field is an advantage 
under conditions such as positive pressure ventila- 
tion, where movement of mediastinal structures in- 
cluding esophagus and aorta during the ventilatory 
cycle can cause instability in the esophageal Doppler 
signal. The variability in Accucom 2 transesophageal 
Doppler measurements within an epoch was ex- 
tremely low except during electrical cautery, which 
caused.easily recognizable electrical interference. 

Doppler CO measurements require the determina- 
tion of aortic cross-sectional area and blood velocity. 
Both Accucom 1 and Accucom 2 determine ascending 
aortic cross-sectional area by nomogram based on 
age, sex, height, and weight of the patient. This 
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Figure 3. To illustrate better the agreement between transesoph- 
ageal Doppler and thermodilution CO measurements, the data are 
presented by the technique of Bland and Altman, The difference 
between simultaneous Doppler and thermodilution CO measure- 
ments is plotted against the average CO. Agréement between 
transesophageal Doppler and thermodilution measurements is 
significantly greater with Accucom 2. k 
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Figure 4. Effect of operator experience on Doppler performance. 
For both devices, increased operator experience (group 2) did not 
result in improved accuracy. 


approach has the advantage of not requiring an 
independent ultrasound measurement of aortic diam- 
eter. Intraoperative A-mode ultrasonic determina- 
tions of aortic cross-sectional area can be time- 
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consuming and may not correlate well with open- 
chest measurements of aortic cross-sectional area 
(11). The use of two-dimensional echocardiography 
rather than A-mode or M-mode to assess aortic 
dimensions would appear to be advantageous (14). 
Although the accuracy of the nomogram method has 
yet to be defined, the benefits gained in time and ease 
of measurement are welcomed. The three-step pro- 
cedure for obtaining transesophageal Doppler CO 
measurements with the Accucom 2 requires 5-15 
min. Validation of the nomogram for calculating 
aortic cross-sectional area is needed. Fortunately, 
errors in cross-sectional area measurements result in 
a calibration error only and do not interfere with 
trending capabilities (10). 

Other sources of error in the transesophageal Dop- 
pler technique should be addressed. In particular, the 
proportionality constant (K factor) that relates de- 
scending aortic and ascending aortic blood velocities 
can change in the course of the operation. Accucom 2 
calculates the proportionality constant for each pa- 
_ tient during the initial calibration, and in our study 
this was not adjusted during the operation. Signifi- 
cant fluctuations in the proportionality constant dur- 
ing surgery would result in error. Several studies 
have addressed this issue. For example, expansion of 
the descending aorta in response to increasing aortic 
blood pressure would affect the calibration constant. 
Studies in sheep and in humans have demonstrated 
alterations of aortic diameter with blood pressure 
changes (15,16). Also, surgical stress and changes in 
anesthetic depth could potentially shift the propor- 
tion of blood flow to the head and upper extremities. 
Alterations in the K factor with the addition of 
enflurane to the anesthetic have been demonstrated 
(17). There is also evidence that manipulation of the 
aorta, as seen during open-heart surgery and aortic 
reconstructive operations, may induce additional in- 
accuracies (10,18). Further evaluation of the effect of 
these factors on Doppler performance is required. 

Method comparison studies are best performed 
using a randomized and double-blinded technique. 
In this study, an investigator blinded to the type of 
Doppler monitor was not workable due to the inter- 
active nature of Doppler monitoring. Doppler and 
thermodilution comparisons result from data col- 
lected simultaneously, but we also compared Accu- 
com 2 data with previously collected Accucom 1 data. 
Although this approach has the advantage of the 
operators familiarizing themselves with each ma- 
chine through repetitive use, the improved monitor- 
ing may result from either operator or design im- 
provements. In this investigation a single ultrasound 
team with previous clinical experience in Doppler 
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ultrasonography performed all Doppler examina- 
tions. We found no data to support the hypothesis 
that improved operator skills are responsible for the 
marked improvements in monitoring performance. 
Increased operator experience did not lower the bias, 
standard deviation, or mean absolute percent error 
between transesophageal Doppler and thermodilu- 
tion CO measurements. This was true for both Accu- 
com 1 and Accucom 2. Although training in transe- 
sophageal ultrasonography is a prerequisite for 
proper use of these monitors, this study demon- 
strates that even experienced operators were unable 
to obtain a satisfactory degree of accuracy with Accu- 
com 1. The engineering refinements incorporated 
into Accucom 2 were essential to the marked im- 
provement in accuracy. 

In conclusion, technological advances in transe- 
sophageal Doppler, including real-time velocity pro- 
file, digital signal-strength display, and improved 
esophageal probe design, result in more accurate CO 
measurements. Such devices hold promise for clini- 
cally useful noninvasive monitoring of CO. 


References 


1. Huntsman LL, Stewart DK, Barnes SR, Franklin SB, Colocousis 
JS, Hessel EA. Noninvasive Doppler determination of cardiac 
output in man—clinical validation. Circulation 1983;67:593-602. 


2. Nishimura RA, Callahan MJ, Scharf HV, Istrup DM, Miller 
FA, Tajik AJ. Noninvasive measurement of cardiac output by 
continuous-wave Doppler echocardiography: initial experience 
and review of the literature. Mayo Clin Proc 1984;59:484-9. 


3. Chandraratna PA, Nanna M, McKay C, et al. Determination of 
cardiac output by transcutaneous continuous-wave ultrasonic 
Doppler computer. Am J Cardiol 1984;53:234-7. 


4. Rose JS, Nanna M, Rahimtoola SH, Elkayam U, McKay C, 
Chandraratna AN. Accuracy of determination of changes in 
cardiac output by transcutaneous-wave Doppler computer. 
Am J Cardiol 1984;54:1099-101. 


5. Ihlen H, Amlie JP, Dale J, et al. Determination of cardiac 
output by Doppler echocardiography. Br Heart J 1984;51:54-60. 


6. Ihlen H. Myhre E, Amlie JP, Forfang K, Larsen S. Changes in 
left ventricular stroke volume measured by Doppler echocar- 
diography. Br Heart J 1985;54:378-83. 


7. Bojanowski LM, Timmis AD, Youssef CN, Gosling RG. Pulsed 
Doppler ultrasound compared with thermodilution for moni- 
toring cardiac output responses to changing left ventricular 
function. Cardiovasc Res 1987;21:260-8. 


8. Bland JH, Altman DG. Statistical methods for assessing agree- 
ment between two methods of clinical measurement. Lancet 
1986;i:307-10. 

9. Levitt JM, Replogle RL. Thermodilution cardiac output: a 
critical analysis and review of the literature. J Surg Res 1979; 
27:392—404. 

10. Mark JE, Steinbrook RA, Gugino LD, et al. Continuous non- 
invasive monitoring of cardiac output with esophageal Dop- 


pler ultrasound during cardiac surgery. Anesth Analg 1986;65: 
1013-20. 


TRANSESOPHAGEAL DOPPLER ULTRASONOGRAPHY 


IG 


12. 


13: 


14, 


Freund PR. Transesophageal Doppler scanning versus ther- 
modilution during general anesthesia. Am J Surg 1987;153:490- 
503. 


Spahn DR, Schmid ER, Tornic M, et al. Continuous noninva- 
sive cardiac output monitoring by electrical bioimpedance and 
transesophageal continuous wave Doppler ultrasound. Anes- 
thesiology 1988;69:A236. 


Siegal LC, Shafer SL, Martinez GM, et al. Comparison of 
simultaneous intraoperative measurements of cardiac output 
by thermodilution, esophageal, Doppler and electrical imped- 
ance in anesthetized patients. Anesthesiology 1987;67:A181. 


Roman MJ, Devereux RB, Kramer-Fox R, O’Loughlin J. Two- 
dimensional echocardiographic aortic root dimensions in nor- 
mal children and adults. Am J Cardiol 1989;54:507--12. 


15. 


16. 


17. 


18. 


ANESTH ANALG 
1990;71:651-7 


657 


List W, Gravenstein N, Banna T, et al. Interaction in sheep 
between mean arterial pressure and cross-sectional area of the 
descending aorta: implications for esophageal Doppler moni- 
toring. Anesthesiology 1987;67:A178. 


Hillel Z, Zane E, Thys D. Systemic arterial blood pressure 
influences the cross-sectional area of the descending thoracic 
aorta. Anesthesiology 1988;69:A11. 


Thys DM, Hillel Z. Can the K-factor be a source of inaccuracy 
in the determination of esophageal Doppler cardiac output? 
Anesthesiology 1988;69:A2392. 


Perrino AC, Fleming J, LaMantia KR. Transesophageal Dop- 
pler cardiac output monitoring: evidence for improved accu- 
racy during aortic reconstructive surgery (abstract). Anesth 
Analg 1990;70:5306. 


658 ANESTH ANALG 
1990;71:658-~-64 
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Brain, and Adipose Tissue in the Rat 
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Using the rat as an animal model, the elimination kinetics 
of sevoflurane and halothane from brain, blood, and adipose 
tissue were compared. Elimination of sevoflurane and 
halothane from blood and brain was biexponential. The 
rapid, «-elimination rates of sevoflurane from blood and 
brain were faster than the corresponding rates for 


Sevoflurane provides for a more rapid emergence 
from general anesthesia than that provided by cur- 
rently used volatile agents in several animal species, 
including humans (1-4). This favorable recovery pro- 
file is believed to be a consequence of the low 
solubility of sevoflurane in blood. However, it is also 
important to consider the rate of elimination of anes- 
thetics from body stores. This is because residual 
subanesthetic concentrations of these drugs may be 
associated with postoperative impairment of psycho- 
motor and physiologic function (5,6). 

Yasuda et al. (7) have recently reported partition 
coefficients for sevoflurane in a variety of human 
tissues. They report that the blood/gas partition coef- 
ficient (Apc) of sevoflurane is lower than those of 
halothane and isoflurane, but that the tissue/blood 
partition coefficients (Àq) of sevoflurane for fat, 
muscle, brain, and other human tissues are similar to 
those of halothane and isoflurane. From these data, it 
might be predicted that sevoflurane would initially be 


Supported by the Ambulatory Anesthesia Research Foundation 
(Los Altos, Calif.), NIH grant R01-37846 (A.S.E.), and a Burroughs- 
Wellcome/Foundation for Anesthesia Education and Research fel- 
lowship grant (R.C.S.). 

Received from the Department of Anesthesiology, Washington 
University School of Medicine, St. Louis, Missouri. Accepted for 
publication August 7, 1990. 

Address correspondence to Dr. Evers, Department of Anesthe- 
siology, Washington University School of Medicine, 660 South 
Euclid Avenue, St. Louis, MO 63110. 


©1990 by the International Anesthesia Research Society 


halothane. However, the slower B-elimination rates from 
brain and blood, as well as the elimination rates from 
adipose tissue, were similar for both volatile anesthetics. 
Thus, the potential for residual postoperative impairment 
from subanesthetic tissue concentrations of halothane and 
sevoflurane may be similar even thouga sevoflurane is 
initially eliminated more rapidly from blood and brain. 


Key Words: ANESTHETICS, vo.tatite—halothane, 
sevoflurane. PHARMACOKINETICS, HALOTHANE, 
SEVOFLURANE. 


eliminated more rapidly from blood than isoflurane 
or halothane, but that long-term elimination of all 
three drugs from body stores would proceed at 
similar rates. This is because the initial rate of elimi- 
nation (a-elimination) of anesthetics from tissue is 
considered to be a function of its Agız, whereas the 
long-term elimination rate (§-elimination) of anes- 
thetics from body stores is considered to be a function 
of its Àrp (8). 

These predictions were tested in an animal model 
by comparing the elimination rates of halothane and 
sevoflurane from several different tissues. This was 
done by anesthetizing rats for 1 h with equieffective 
concentrations of halothane or sevoflurane and then 
directly measuring the anesthetic concentrations in 
blood, brain, and adipose tissue at various times after 
discontinuation of the anesthetic. 


Materials and Methods 
Materials 


Male Sprague-Dawley rats weighing 250-300 g were 
obtained from Sasco, Inc. (Omaha, Neb.) and were 
cared for in the Washington University Animal Care 
Facility. All animal studies performed received ap- 
proval from the Washington University Committee 
on Humane Care of Laboratory Animals. Chemicals 
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used were obtained from the following commercial 
sources: diethyl ether and n-heptane from Fischer 
Scientific (Fair Lawn, N.J.); halothane from Ayerst 
Laboratories (New York, N.Y.); sevoflurane from 
Maruishi Pharmaceuticals (Osaka, Japan). 


Measurement of Elimination Kinetics 


Rats were anesthetized in a 5-L chamber into which 4 
L/min of anesthetic-containing gas in 100% oxygen 
was delivered. Anesthetics were delivered using cal- 
ibrated temperature-compensated vaporizers and an- 
esthetic concentrations in gas verified by a previously 
described gas chromatographic method (9). After a 
1-h exposure to either 3 vol% sevoflurane or 1.5 vol% 
halothane (1.3 x MAC concentrations), groups of 
three rats were removed from the anesthetic chamber 
and killed at set times after discontinuing the anes- 
thetic exposure. To ensure adequate anesthesia when 
the rats were killed at times beyond 1 min, these 
animals were additionally anesthetized with diethyl 
ether just before being killed. Blood samples were 
obtained at the desired times by surgically exposing 
the abdominal aorta and anaerobically withdrawing 
blood through a 2l-gauge needle into a gas-tight 
syringe. The animals were then decapitated, their 
brains dissected free, and the hemicortices isolated 
for anesthetic extraction. Subsequently, the abdomen 
was reexplored and the retroperitoneal fat dissected 
free for measurement of anesthetic concentrations. 


°F-Nuclear Magnetic Resonance Method for 
Measuring Anesthetic Concentrations in 
Adipose Tissue 


A nuclear magnetic resonance (NMR) spectroscopic 
method was developed for measuring sevoflurane 
and halothane concentrations in adipose tissue be- 
cause of the anticipated difficulty of quantitating low 
anesthetic concentrations in adipose tissue using gas 
chromatographic methods. This method does not 
require extraction of drug from tissue. 

Samples of retroperitoneal adipose tissue were 
surgically removed and immediately placed in 5-mL 
syringes. Air was expelled from the syringes and the 
adipose tissue injected through PE-240 tubing into 
5-mm NMR tubes that were then sealed and stored at 
4°C until analysis, which was within 24 h. To analyze 
the samples, they were allowed to warm to room 
temperature (22.7°C) and a capillary tube containing 
methoxyflurane (10 mM) in CDC1, was inserted into 
the NMR tube. The difluoromethylene group of 
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methoxyflurane served as a concentration and chem- 
ical shift reference. The same capillary was used to 
obtain spectra on all standards and samples. The CF, 
group of methoxyflurane was arbitrarily assigned at 
0.00 ppm; the CF, groups of sevoflurane and 
halothane (in adipose tissue) resonated at 12.1 and 
10.4 ppm, respectively. These signals were distinct 
and specific for each anesthetic. Note that parts per 
million (ppm) refers to the NMR chemical shift scale 
and is not a unit of conceniration. 

To calibrate the NMR measurements, standard 
samples of halothane and sevoflurane were prepared 
in chloroform to give concentrations of 1, 3, 10, and 
20 mM. These liquid samples were placed in 5-mm 
NMR tubes. A methoxyflurane external reference 
capillary was then inserted into the tubes, and °F- 
NMR spectra were collected (room temperature) at 
470.3 MHz on a Varian VXR-500 multinuclear spec- 
trometer. Acquisition parameters for all ‘°F spectra 
were as follows: pulse width 7 ws, acquisition time 
0.5 s, and interpulse delay 10 s. Four transients were 
collected for all samples and standards, and exponen- 
tial line broadening of 2 Hz was applied to all spectra. 
The features corresponding to the trifluoromethyl 
groups of sevoflurane and halothane and to the 
difluoromethylene group of methoxyflurane were 
electronically integrated. The ratio of the CF, peak 
area to the CF, peak area was plotted as a function of 
anesthetic standard concentration to generate a stan- 
dard curve. For both sevoflurane and halothane, 
correlation coefficients for these standard curves were 
0.999. These standard curves were then used to 
calculate anesthetic adipose tissue concentrations 
from the CF,/CF, ratios obtained with adipose tissue 
samples. 

The accuracy of anesthetic measurements made by 
NMR was assessed by concurrent NMR and gas 
chromatographic measurement of anesthetic concen- 
trations in the same piece of adipose tissue. We found 
that the anesthetic concentrations in adipose tissue 
measured by gas chromatography were consistently 
20% (halothane) and 8% (sevoflurane) higher than 
anesthetic concentrations measured by NMR. This 
may be due to differences in the magnetic field 
susceptibility of anesthetics in chloroform and adi- 
pose tissue. Although the anesthetic concentrations 
in adipose tissue measured by NMR may be less than 
actual values, the offset in concentrations does not 
affect the absolute value of the time constants of 
elimination of anesthetic from adipose tissue. 

Using these methods and accepting a minimum 
signal-to-noise ratio of 10, concentrations of halo- 
thane and sevoflurane as low as 0.2 and 0.1 mM 
could be measured in adipose tissue. Examples of the 
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Figure 1. YF-NMR spectra at 470.3 MHz of halothane and sevo- 
flurane in adipose tissue. The feature at 0 ppm represents the CF, 
group of methoxyflurane in an external reference capillary. This 
served as a concentration and chemical shift reference. The feature 
at 10.38 ppm is the CF, group of halothane in adipose tissue from 
a rat after 2 h of recovery from halothane anesthesia. The feature at 
12.07 ppm is the CF, group of sevoflurane in adipose tissue from a 
rat after 2 h of recovery from sevoflurane anesthesia. Both spectra 
were collected at room temperature under quantitative conditions 
and represent the accumulation of four transients. 


spectra of halothane and sevoflurane in adipose tis- 
sue are shown in Figure 1. 


Gas Chromatographic Measurement of Anesthetic 
Concentrations in Brain and Adipose Tissue 


Anesthetic concentrations in brain and adipose tissue 
were measured using a modified version of a previ- 
ously reported method that entailed organic extrac- 
tion of isoflurane from blood and subsequent gas 
chromatographic analysis (9). The following modifi- 
cations were made: 


1. To facilitate the extraction of anesthetic from brain 
and adipose tissue, the tissues were homogenized 
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Figure 2. Gas chromatographic separation of isoflurane, sevoflu- 
rane, diethyl ether, and halothane. Panel A shows a chromatogram 
of sevoflurane extracted from the blood of a rat anesthetized with 
sevoflurane for 1 h. Halothane is used as the internal standard. 
Note that the solvent (n-heptane) runs later than the anesthetics 
because of its lower volatility. Panel B shows a chromatogram of 
halothane extracted from the brain of a rat 10 min after the 
termination of the halothane anesthetic. Note that diethyl ether is 
present in this sample due to the necessity for reanesthetization of 
the animal before killing it. Isoflurane serves as an internal con- 
centration standard. Also note the faster chart-recording speed in 
this trace compared with panel A. 


Os 


in n-heptane with a Tekmar SDT Tissumizer for 
10 s and the aqueous and organic phases subse- 
quently separated by centrifugation. 

2. For measurement of sevoflurane and halothane 
concentrations in adipose and brain tissue an 
internal standard of either halothane or isoflurane 
was used (isoflurane was used as the internal 
standard for the measurement of halothane in 
tissue, and halothane for the measurement of 
sevoflurane in tissue). Gas chromatographic reten- 
tion times of sevoflurane, isoflurane, and 
halothane were 1.78, 1.86, and 2.1 min, respec- 
tively. The flame ionization detector response ra- 
tios for isoflurane to halothane (0.59) and for 
sevoflurane to halothane (0.95) were constant over 
the concentration ranges studied. The presence of 
diethyl ether (retention time, 1.94 min) did not 
interfere with the measurement of these signals. 
Fxamples of the gas chromatographic separation 
of the different anesthetics are shown in Figure 2. 

3. Extraction of sevoflurane and halothane from 
brain and adipose tissue was performed using 
n-heptane/tissue ratios (vol/vol) of 6:1 for brain 
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and 30:1 for adipose tissue. In this way >90% of 
sevoflurane and halothane could be extracted from 
brain and adipose tissue. Because of the large 
volume of n-heptane required to efficiently extract 
anesthetic from adipose tissue, only relatively 
high concentrations (0.5-1.0 mM) of anesthetic in 
adipose tissue could be reliably quantitated using 
gas chromatography. 


Measurement of Partition Coefficients 


Brain, blood, and adipose tissue/gas partition coeffi- 
cients were measured for both sevoflurane and 
halothane. Initially, homogenate/gas partition coeffi- 
cients were measured for each tissue. Tissue homoge- 
nates were prepared by taking one part tissue, add- 
ing it to three parts 0.9% NaCl (vol:vol), and 
homogenizing for 10 s in a Tekmar tissumizer. Sam- 
ples of the tissue homogenates (0.2-0.5 mL) were 
added to 250-mL gas sampling bulbs containing 2-4 
vol% of anesthetic. The bulbs were incubated with 
continuous shaking for 60 min at 37°C. Preliminary 
experiments showed that this was a sufficient length 
of time for complete equilibration to occur between 
the gas phase and the homogenate. At the end of the 
equilibration period, anesthetic concentrations in the 
gas phase and in the homogenate were measured by 
gas chromatography as described above. The saline/ 
gas partition coefficients (Agatinegas) Of sevoflurane 
and halothane were measured using the same 
method. 

Calculations of adipose and brain tissue concentra- 
tions were based on the assumption that the concen- 
tration in the homogenate was equal to the weighted 
average of the concentrations of anesthetic in saline 
and tissue (Equations [1] and [2]). Given that the 
relative volumes of saline and tissue in the homoge- 
nate and the A,ainegas Were known, the anesthetic 
concentration in tissue could be calculated. Ulti- 
mately, the tissue/gas partition coefficient (Aqjc) was 
determined by dividing the tissue concentration by 
the anesthetic concentration in gas. The adipose 
tissue/gas partition coefficients (Aadipose/gas) Measured 
using these techniques were in agreement with those 
determined by Yasuda et al. (7): 


Chomogenate = 0.25C issue of 0.75C Satine: (1) 
where C = anesthetic concentration. 
tissue 4(Cyomogenate ~ 0.75C pas A saline/gas)? (2) 


by rearrangement and substitution (see text). 
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Figure 3. The elimination kinetics of halothane and sevoflurane 
from blood. Animals were anesthetized with either 1.5 vol% 
halothane or 3 vol% sevoflurane for 1 h, and blood was obtained at 
the indicated times after discontinuation of the anesthetic. Data 
points represent the average of anesthetic concentration measure- 
ments in blood from three rats + seM. Curves represent the 
exponential fits of the data generated using a nonlinear least- 
squares method. Note that to make relative comparisons of anes- 
thetic elimination from blood, halothane and sevoflurane concen- 
trations are scaled to the calculated equilibrium concentration of 
anesthetic in blood (indicated at the top of the y-axis). 


Statistical Analysis 


Data for kinetic time points and partition coefficients 
represent the mean + sEM of three measurements. 
Curve fitting for pharmacokinetic analyses was per- 
formed using a nonlinear least-squares curve-fitting 
program, NFITS (edited by Dr. C. J. Lingle). Blood 
and brain elimination kinetics were best fit by a 
biexponential function of elimination. A uniexponen- 
tial function of elimination was sufficient to fit the 
elimination kinetics of anesthetic from adipose tissue. 
Time constants (the inverse of rate constants) are 
used instead of rate constants to describe the kinetic 
data to make the comparison of elimination kinetics 
more comprehensible, and are reported +90% confi- 
dence limits. 7, is the inverse of the rate constant of 
a-elimination and 7, is the inverse of the rate constant 
of B-elimination. Multiple comparisons of elimination 
time constants were made using a one-way analysis 
of variance followed by a Bonferroni multiple com- 
parisons test. Single comparisons were made using a 
Student’s t-test. Statistically significant differences 
were defined as P < 0.05. 


Results 


After 1 h of anesthetic administration, halothane and 
sevoflurane concentrations in blood and brain in- 
creased to 80%-90% of their predicted equilibrium 
concentrations (Figures 3 and 4). Estimates of equi- 
librium concentrations were calculated as the product 
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Figure 4. The elimination kinetics of halothane and sevoflurane 
from brain. Animals were anesthetized with either 1.5 vol% 
halothane or 3 vol% sevoflurane for 1 h, and tissue was obtained at 
the indicated times after discontinuation of the anesthetic. Data 
points represent the average measurement of anesthetic concen- 
trations in the brains of three rats +seM. Curves represent the 
exponential fits of the data generated using a nonlinear least- 
squares method. Note that to make relative comparisons of anes- 
thetic elimination from brain, halothane and sevoflurane concen- 
trations are scaled to the calculated equilibrium concentration of 
anesthetic in brain (indicated at the top of the y-axis). 


Table 1. Anesthetic Elimination Time Constants 


a-Elimination B-Elimination 


7, (min) Ta (min) 
Blood 
Sevoflurane 0.58 + 0.03 26 + 5.0 
Halothane 1.29 + 0.157 36 + 5.6 
Brain 
Sevoflurane 1.60 + 0.10 34411 
Halothane 2.70 + 0.667 34+ 7.8 
Adipose 
Sevoflurane — 241 + 53 
Halothane — 246 + 51 


Values are time constants of elimination of halothane and sevoflurane 
from blood, brain, and adipose +90% confidence limits. 
“P < 0.05 compared with sevoflurane value for same tissue. 


Table 2. Anesthetic Partition Coefficients 


Partition Halothane Sevoflurane 
sae. 2.79 + 0.1 0.75 + 0.03 
brain/gas 4.6+0.1 1.27 + 0.06 
adipose/gas 112 + 1.4 38.8 + 2.5 
Sam 0.67 + 0.03 0.30 + 0.04 
Aprain/blood 1.64 1.69 
adiposefolood 40 : 52 


Except for Apraintlood ANd Azdipose/blood all values are mean + sEM. The 
Atissue/gas ANd Agaline/gas for halothane and sevoflurane in rat tissues were 
measured using gas chromatographic techniques described in Methods. 
Àtissuebiooa Was calculated by dividing Asicssuesgas DY Apiood/gas- 


of the Ayo and the concentration of anesthetic in 
inspired gas (calculated according to the ideal gas 
laws). Although brain and blood have achieved near- 
equilibration with anesthetic in inspired gas after 1 h, 
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concentrations in adipose tissue are less than 25% of 
predicted equilibrium values. This is because adipose 
tissue has a large capacity -for anesthetic and a rela- 
tively small blood flow. 

Once anesthetic administration was terminated, 
elimination of anesthetic from blood and brain pro- 
ceeded in a biexponential fashion in both halothane- 
and sevoflurane-anesthetized animals (Figures 3 and 
4). Anesthetic elimination from brain closely paral- 
leled that from blood, consistent with the fact that 
brain has a relatively high blood flow and a low 
capacity for anesthetic. As expected, the elimination 
(a-elimination) of sevoflurane from blood (r = 0.58 + 
0.03 min) proceeds at a rate more than two times 
faster than a-elimination of halothane from blood 
(r = 1.29 + 0.15. min) (P < 0.05). Similarly, the 
a-elimination of sevoflurane from brain (r = 1.60 + 
0.10 min) proceeds faster than that of halothane n= = 
2.70 + 0.66 min) (P < 0.05). 

In contrast to a-elimination, f-elimination time 
constants for sevoflurane and halothane from blood 
and from brain were similar (Table 1). The time 
constants for B-elimination from blood and brain 
reflect the rate of elimination of anesthetic from total 
body stores, implying that the rate of elimination of 
the two anesthetics from body stores is similar. This 
is consistent with the notion that the rate of B-elimi- 
nation of anesthetics from total body stores is directly 
related to the tissue/blood solubility of anesthetic and 
the observation that the tissue/blood partition coeffi- 
cients of halothane and sevoflurane are similar (Table 
2), | | 

The kinetics of anesthetic elimination from adipose 
tissue are obviously different than those of blood and 
brain (Figure 5). When anesthetic administration is 
discontinued, anesthetic concentrations in adipose 
tissue decrease slowly and in a uniexponential fash- 
ion. Similar to 6-elimination of anesthetics from 
blood and brain, the time constants for elimination of 
both anesthetics from adipose tissue are not signifi- 
cantly different: the time constants of elimination are 
246 + 51 min and 241 + 53 min for halothane and 
sevoflurane, respectively. This is consistent with the 
observation that the Aadipose/blood of the two anesthet- 
ics are similar (Table 2). 


Discussion 


In the rat, sevoflurane is initially eliminated from 
blood and brain at a faster rate than halothane. These 
data are consistent with previous reports (1-4) and 
with the concept that Ag is a principal determinant 
of the initial rate of volatile anesthetic elimination. 
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Figure 5. The elimination kinetics of halothane and sevoflurane 
from adipose tissue. Animals were anesthetized with either 1.5 
vol% halothane or 3 vol% sevoflurane for 1 h, and tissue was 
obtained at the indicated times after the discontinuation of the 
anesthetic. Data points represent the average of three determina- 
tions + sEM. Curves represent the exponential fits of the data 
generated using a nonlinear least-squares method. Note that to 
make relative comparisons of anesthetic elimination from adipose 
tissue, halothane and sevoflurane concentrations are scaled to the 
calculated equilibrium concentration of anesthetic in adipose tissue 
(indicated at the top of the y-axis). 


The a-elimination rate of anesthetic elimination from 
adipose tissue could nct be determined. This is 
because the blood flow to fat is low and the anesthetic 
capacity of adipose tissue is high. Thus, the amount 
of anesthetic eliminated from fat during the rapid 
decrease in anesthetic concentrations in blood (a- 
elimination) i is relatively small and undetectable; only 
B-elimination of anesthetiz from adipose tissue can be 
observed. Theoretically, if a-elimination from adi- 
pose tissue could be observed, 7, of adipose tissue 
would also be predicted ta be smaller in sevoflurane- 
anesthetized animals. . 

In contrast to a-elimination rates, longer-term, 
B-elimination of halothane and sevoflurane from 
blood, brain, and adipose tissue proceeds at similar 
rates. This observation is consistent with the hypoth- 
esis that Aq is a principal determinant of B-elimina- 
tion from body stores. Tc the best of our knowledge 
these are the only data that confirm by direct mea- 
surement of tissue anesthetic concentrations the hy- 
pothesis that long-term elimination of anesthetic 
from tissue is a function of tissue/blood partitioning. 
Thus, in accordance with current theory, our data 
indicate that volatile anesthetic tissue partition coef- 
ficients are good predictors of the long-term elimina- 
tion kinetics of these drugs. | 

One possible confounding factor in the interpreta- 
tion of the data is that we did not attempt to control 
for the differential effects of the two anesthetics on 
circulatory and ventilatory function. It is, however, 
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unlikely that these factors had significant differential 
effects on anesthetic elimination that would dramat- 
ically skew the data and alter its interpretation. This 
is because the effects of both drugs on ventilation and 
cardiac output are similar in several mammalian 
species (10-14). 

Although it is difficult to extrapolate results of 
anesthetic studies done in animal models to humans, 
the similarity of anesthetic partition coefficients in 
rats and humans (7) suggests that the relative anes- 
thetic elimination kinetics might be similar in humans 
and animals. The greatest differences between the 
elimination kinetics in rats and humans are related to 
the absolute magnitudes of the rates of elimination. 
Rates of anesthetic elimination are slower in humans 
because of their relatively smaller ratio between ven- 
tilation and body mass and because in humans adi- 
pose tissue constitutes a larger percentage of total 
body weight. In fact, the predicted time constant of 
halothane elimination from adipose tissue in humans 
(45 h) (8) is approximately 10 times that which we 
measure in the rat. Some differences in the relative 
elimination rates of halothane and sevoflurane might 
also be expected on the basis of differing physiologic 
effects of these drugs on total cardiac output, distri- 
bution of cardiac output, and ventilation in the two 
different species. However, these differences should 
be small based on data that show that the effects of 
these anesthetics on ventilation and cardiovascular 
physiology are similar in several mammalian species 
(10-14). 

In conclusion, our data suggest that the potential 
for postoperative psychomotor impairment caused by 
residual subanesthetic concentrations of anesthetic in 
tissue might be similar for halothane and sevoflurane 
in humans. 
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seizure disorders treated with anticonvulsants. Anesth 
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Previous studies have demonstrated that, with the exception 
of atracurium, resistance to the neuromuscular blocking 
effects of various muscle relaxants develops in patients 
receiving anticonvulsant therapy. We studied the effects of 
0.5 mglkg IV atracurium in 53 neurosurgical patients: 21 
nonepileptic patients recetving no anticonvulsant therapy 
(MED = 0); 14 epileptic patients treated with carbamaze- 
pine for years (MED = 1); and 18 epileptic patients treated 
with carbamazepine plus either phenytoin or valproic acid 
for years (MED = 2). The evoked compound electromyo- 
gram of the adductor pollicis brevis was recorded, and 
results were analyzed using analysis of covariance, with 


Patients receiving one or more anticonvulsant medi- 
cations, usually for the treatment of seizure disor- 
ders, are most infrequently encountered during an- 
esthetic practice. Recent studies have demonstrated a 
higher requirement for fentanyl during anesthesia in 
this type of patient and a resistance to the neuromus- 
cular blocking effects of metocurine, pancuronium, 
and vecuronium in subjects treated with anticonvul- 
sants (1-7). However, none of these studies was able 
to demonstrate similar findings for atracurium, an 
intermediate-acting nondepolarizing muscle relaxant 
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weight and age as covariables. The onset time was noi 
significantly different among the three groups. Times for 
recovery of baseline and train-of-four responses to stimuli 
were significantly shorter in the MED = 1 and MED = 2 
groups than in control patients (MED = 0). The recovery 
index (time between 25% and 75% recovery of baseline 
electromyogram values) was progressively shorter in the 
three groups (MED = 0: 8.02 min; MED = 1: 5.93 min; 
MED = 2: 1.96 min; P < 0.001}. This study demonstrates 
that atracurium, when used on epileptic patients requiring 
long-term (that is, years of) anticonvulsant therapy, has a 
shorter duration of action than when used in nonepileptic 
patients. 


Key Words: NEUROMUSCULAR RELAXANTS, 
ATRACURIUM. COMPLICATIONS, 


EPILEPSY—atracurium. 


(4,6). As anesthesiologists regularly involved in the 
care of patients undergoing surgery for epilepsy, we 
have often noted that these individuals appear to be 
resistant to the recommended dosage of atracurium. 
Based on this clinical impression, we designed a 
study to determine whether epileptic patients on 
long-term anticonvulsant therapy have an altered 
requirement for atracurium-induced neuromuscular 
blockade. 


Materials and Methods 


After approval of the study protocol by the Institu- 
tional Review Board of Washington University School 
of Medicine, 53 consenting patients between the ages 
of 16 and 60 yr were studied. Patients with a history 
of significant renal, hepatic, metabolic, or cardiopul- 
monary disease (including arterial hypertension) 
were excluded from the study, as were patients with 
known ethanol or narcotic abuse and those with signs 
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of increased intracranial pressure. Patients taking 
drugs thought to affect the neuromuscular junction 
were also excluded. All study patients were within 
30% of ideal body weight. A control group consisted 
of 21 otherwise healthy patients undergoing various 
types of craniotomies (e.g., for tumor, arteriovenous 
malformation, cerebrospinal fluid leak) who had 
never received anticonvulsant therapy. The remain- 
ing 32 patients had epilepsy with intractable seizure 
disorders, were undergoing craniotomy for seizure 
focus excision, and had been treated for years with 
various anticonvulsant regimens. The plasma levels 
of each anticonvulsant used were in the therapeutic 
range the day before surgery. 

Each patient was premedicated with 150 mg rani- 
tidine and 10 mg metoclopramide, both given orally, 
1-2 h before surgery. On arrival in the operating 
room and throughout anesthesia, all patients were 
monitored with an electrocardiogram, blood pressure 
cuff (Dinamap), pulse oximeter, esophageal temper- 
ature probe with stethoscope, and mass spectrome- 
ter. In addition, an intraarterial catheter was inserted 
in all cases for direct measurement of blood pressure 
and arterial blood gas tensions. Tidal volume and 
respiratory rate were controlled to maintain end-tidal 
CO, between 25 and 30 mm Hg. Heating pads and a 
cascade humidifier were used to maintain esophageal 
temperature above 35°C. 

Anesthesia was induced with 4-6 mg/kg intrave- 
nous (IV) thiopental and 3-10 ug/kg IV fentanyl. 
After facilitation of tracheal intubation with 0.5 mg/kg 
IV atracurium, anesthesia was maintained with 70% 
nitrous oxide (NO) in oxygen, 0.2%-0.3% end-tidal 
isoflurane, and fentanyl infusion (2-7 wg-kg™*-h'). 
To avoid a possible drug interaction with atracurium, 
IV infusion of 10 mg/kg vancomycin was begun only 
after completion of data collection. 

Neuromuscular transmission was monitored with 
a Puritan-Bennett/Datex Neuromuscular Transmis- 
sion Monitor (NMT 221). This monitor was connected 
to the patient by five disposable surface electrodes as 
follows: two electrodes were used to stimulate indi- 
rectly the ulnar nerve at the wrist, while another two 
electrodes measured the resulting evoked compound 
electromyogram (EMG) of the adductor pollicis brevis 
muscle. The remaining (fifth) electrode served as a 
ground. The NMT 221 searches for the stimulus 
current (0-70 mA) needed to activate the fibers of the 
adductor pollicis brevis muscle. When found, this 
maximal current is then increased by 20%; the result- 
ing current is the supramaximal stimulus. The NMT 
221 then delivers a train-of-four square-wave (100 us 
width) supramaximal impulse at 2.0 Hertz. This train- 
of-four is repeated every 20 s with the NMT 221 
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measuring the T-1% (twitch height) and TR% (train- 
of-four ratio) values where T-1% = (first EMG re- 
sponse/baseline EMG) x 100, and TR% = (fourth 
EMG response/first EMG response) x 100. These 
parameters were recorded on a printer. To minimize 
movement-induced changes in twitch responses, the 
patient’s hand was carefully secured to a padded 
board. 

Immediately after induction of anesthesia, the con- 
trol EMG was recorded for 3 min to establish a stable 
baseline. Soon thereafter, a single bolus of 0.5 mg/kg 
IV atracurium was administered. The time in seconds 
from injection to the peak reduction of the EMG 
signal was recorded as the onset time. The times in 
minutes for recovery of T-1 to 25%, 50%, 75%, and 
90% of baseline EMG levels were recorded, as were 
the times for recovery of TR to 25%, 50%, 75%, and 
95% of baseline. In addition, we also measured the 
recovery index as the time from 25% to 75% recovery 
of the baseline EMG response. After completion of 
data collection, the 53 patients were retrospectively 
divided into the following medication (MED) groups 
based on the number of anticonvulsant(s) each was 
receiving (if any): MED = 0: 21 nonepileptic control 
patients who had never received anticonvulsant ther- 
apy; MED = 1: 14 epileptic patients in whom a 
therapeutic level of carbamazepine was documented 
before surgery; and MED = 2: 18 epileptic patients in 
whom therapeutic levels of carbamazepine plus ei- 
ther phenytoin or valproic acid were documented 
before surgery. 

The EMG findings of the three medication groups 
were compared using analysis of covariance with age 
and weight as covariables; a P < 0.05 was considered 
statistically significant. The data were also analyzed 
using analysis of covariance for nonlinearity between 
the medication groups to ascertain statistical signifi- 
cance for an effect beyond a linear dose-response. 


Results 


The EMG response to the intubating dose of 0.5 
mg/kg IV atracurium in the three MED groups is 
shown in Tables 1 and 2. All patients responded with 
at least a 95% depression in their baseline EMG; no 
significant difference in onset time was demonstrated 
between the three MED groups. In contrast, the 
patients in the MED = 1 and MED = 2 groups had 
significantly shorter times to recovery for T-1 at 25%, 
50%, 75%, and 90% (Table 1), and for TR at 25%, 50%, 
75%, and 95% (Table 2), when each group was 
compared with control (MED = 0) patients (P < 
0.001). The same finding was also true for the recov- 
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Table 1. Onset Times and Times to Recovery of Twitch 
Height in the Three Groups (n = 53) After 0.5 mg/kg 
IV Atracurium 





Anticonvulsant medication groups 


MED = 0 MED = 1 MED = 2 

(n = 21) (n = 14) (n = 18) 
Onset time (s) 184 + 20.05 179 + 23.48 220 + 20.58 
T-1 25% (min) 27.48 + 6.65 14.21+3.10° 7.56 + 3.14°° 
T-1 50% (min) 32.98 + 6.99 16.79 + 3.26 840+ 3.31" 
T-1 75% (min) 36.45 + 8.46 19.98 + 3.95" 10.10 + 4.01” 
T-1 90% (min)*? 38.76 + 9.26 22.46 + 4.3" 11.78 + 4.3” 


MED = 0, nonepileptic patients receiving no anticonvulsant therapy; 
MED = 1, epileptic patients treated with carbamazepine for years; and MED 
= 2, epileptic patients treated with carbamazepine plus either phenytoin or 
valproic acid for years. 

Data analyzed by analysis of covariance. All values are expressed as 
least-square mean + SE. 

“These values refer to time for recovery of twitch height to 25%, 50%, 
75%, and 90% of baseline electromyogram levels. 

’Significantly different from control (MED = 0) group (P < 0.001). 

“Significantly different from MED = 1 group (P < 0.001). 


Table 2. Times to Recovery of Train-of-Four Ratio in the 
Three Groups After 0.5 mg/kg IV Atracurium 


Anticonvulsant medication groups 


MED = 0° MED = 1 MED = 2 
TR 25% (min)? 33.70 + 6.58 18.08+3.07 6.52 + 3.12 
TR 50% (min)? 41.10 + 6.64 20.00 +3.09 7.98 + 3.15%“ 
TR 75% (min)? 46.58 +6.80 21.45 +3.17 8.46 + 3.22% 
TR 95% (min)? 50.64 + 7.29 23.89 +3.40° 9.76 + 3.45°4 


Data analyzed by analysis of covariance. All values are expressed as 
least-square mean + SE. 

“These abbreviations as in Table 1. 

"These values refer to time for recovery of train-of-four ratio to 25%, 50%, 
75%, and 95% of baseline levels. 

‘Significantly different from control (MED = 0) group (P < 0.001). 

‘Significantly different from MED = 1 group (P < 0.001). 


ery index (Figure 1), when the MED = 1 and MED = 
2 groups were each compared with the control (MED 
= 0) group (MED = 0: 8.02 min; MED = 1: 5.93 min; 
MED = 2: 1.96 min, P < 0.001). In addition, inter- 
group comparisons of the above recovery parameters 
(T-1%, TR%, and recovery index) also revealed sig- 
nificant differences between the MED = 2 and MED 
= 1 groups (P < 0.001). Analysis of covariance and a 
test for nonlinearity in the different MED groups also 
demonstrated that there was evidence for a direct 
inverse relationship between the number of anticon- 
vulsants the patient was receiving and the time to 
recovery from atracurium-induced neuromuscular 
blockade. There was no evidence of an effect beyond 
a linear relationship. 


Discussion 


This study was designed to determine the recovery 
time from single-dose (0.5 mg/kg IV) atracurium- 
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Figure 1. Recovery index, defined as the time between 25% and 

75% recovery of the twitch height (T-1%) in the three medication 

(MED) groups after 0.5 mg/kg IV atracurium. 


induced neuromuscular blockade in patients under- 
going craniotomies, regardless of their medication or 
neurological history. Our results demonstrated that 
epileptic patients chronically treated with one or 
more anticonvulsants had significantly shorter times 
to recovery from atracurium. Furthermore, there 
seems to be a dose-effect relationship between the 
number of anticonvulsants received and a decreased 
time to recovery from atracurium-induced neuromus- 
cular blockade (Figure 1). This does not imply that a 
patient receiving two different types of anticonvul- 
sants experiences twice the antiseizure effect as some- 
one receiving only one drug. It is impossible to 
quantify the level of additional antiseizure effect in 
patients treated with two different types of anticon- 
vulsants when compared to someone receiving only 
one drug. However, we can assume that patients 
treated with therapeutic levels of two anticonvulsants 
are receiving a greater amount of medication com- 
pared with those treated with only one medication, 
and that there is a direct relationship between the 
amount of medication received and a shorter time to 
recovery from atracurium. 

Previous studies have already demonstrated that 
patients receiving anticonvulsant therapy require in- 
creased amounts of narcotics, long-acting nondepo- 
larizing muscle relaxants, and vecuronium (1-7). For 
muscle relaxants, this resistance is characterized as 
either an increased hourly requirement of relaxant or 
shorter recovery times after bolus administration. 
Although hepatic enzyme induction and/or pharma- 
codynamic alterations due to concomitant anticonvul- 
sant therapy are suspected as possible causes, neither 
of these mechanisms alone can totally explain the 
increased resistance to muscle relaxants demon- 
strated in these patients (1,8). Various biophysiologic 
mechanisms have been proposed to explain this 
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resistance including: increased endplate anti- 
cholinesterase activity; alteration in sensitivity to ace- 
tylcholine at the receptor site; and possibly an in- 
creased number of acetylcholine receptors. Alderdice 
and Trommer (9) found that carbamazepine de- 
presses postjunctional sensitivity to the release of 
acetylcholine, producing a dose-related inhibition of 
endplate potential. In addition, carbamazepine inhib- 
its transmitter release by decreasing quantal content 
of acetylcholine (9). Phenytoin also reduces the am- 
plitude of endplate potentials due to both a reduction 
in quantal content and a decrease in the amplitude of 
the voltage response to acetylcholine quanta (10,11). 
On the basis of these studies, it is hypothesized that 
anticonvulsants depress neuromuscular transmission 
by reducing the amount of acetylcholine secreted in 
response to an action potential, thereby creating a 
state of chemical denervation at the motor endplate. 
This may cause either an increase in number and/or 
an increase in sensitivity of the acetylcholine recep- 
tor. A continuous insufficiency in acetylcholine at the 
neuromuscular junction could then result in up- 
regulation of receptors and lead to a state of receptor 
hypersensitivity such that the effect after subsequent 
exposure to nondepolarizing muscle relaxants would 
be diminished. 

Compared with the other clinically available non- 
depolarizing muscle relaxants, atracurium has a dis- 
tinctly different metabolic pathway, utilizing Hoff- 
man elimination and ester hydrolysis without renal 
or hepatic involvement (12). Ornstein et al. (4) stud- 
ied the recovery time after single-dose (0.5 mg/kg IV) 
atracurium-induced neuromuscular blockade in pa- 
tients previously treated for at least 7 days with 
phenytoin. They found no significant differences in 
the T-1% level of recovery or in the recovery index 
between the control group and the patients receiving 
phenytoin. These investigators concluded that atra- 
curium-induced neuromuscular blockade was not af- 
fected by concomitant anticonvulsant therapy. To 
explain their finding, they suggested that, compared 
with other nondepolarizing muscle relaxants, atracu- 
rium may be more tightly bound to the neuromuscu- 
lar junction and therefore less susceptible to the 
competitive antagonism of anticonvulsants. Their re- 
sults appear to contradict our findings, but a major 
difference in patient populations may have contrib- 
uted to these conflicting results. In our study, the 32 
patients being treated with anticonvulsants had in- 
tractable seizure disorders that were poorly con- 
trolled by medical therapy, whereas Ornstein et al. 
studied patients receiving phenytoin for either recent 
onset of seizure or prophylaxis. Furthermore, the 
duration of anticonvulsant therapy was another im- 
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portant difference, as our epileptic patients have been 
on carbamazepine, phenytoin, and/or valproic acid 
for years, whereas their study patients had a mini- 
mum of 7 days of phenytoin therapy before various 
neurosurgical procedures. In another study, Ebrahim 
et al. (6) also showed no significant difference in the 
T-1% recovery and the recovery index between a 
control group and patients being treated with carba- 
mazepine after a single dose of 0.5 mg/kg IV atracu- 
rium. Again, their study population did not consist 
entirely of patients with seizure disorders on long- 
term anticonvulsant therapy. 

Our results demonstrate that recovery from atra- 
curium-induced neuromuscular blockade is short- 
ened in patients with seizure disorders receiving 
long-term (years of) anticonvulsant therapy. Because 
of differences in the patient population studied, our 
findings may not contradict those reported by Orn- 
stein et al. and Ebrahim et al. In view of the con- 
flicting results concerning recovery from atracurium- 
induced neuromuscular blockade in patients on 
anticonvulsants, we can only suggest that the dura- 
tion of therapy and the number of anticonvulsants 
received play an important role in creating an in- 
creased resistance to atracurium. Also, does the na- 
ture of the epileptic disease itself play a role in 
altering the neuromuscular endplate and therefore 
shortening the duration of atracurium-induced neu- 
romuscular blockade? Approximately 60,000 patients 
suffering from intractable seizures are treated conser- 
vatively (i.e., pharmacologically), usually with a com- 
bination of several anticonvulsants (13). Few of them 
undergo seizure surgery, but a great number of them 
will require surgery for other reasons. Their resis- 
tance to atracurium and other nondepolarizing mus- 
cle relaxants (1-6), along with their high require- 
ments for fentanyl (7), are important factors in the 
routine anesthetic management of epileptic patients 
on long-term anticonvulsant therapy. Only further 
pharmacokinetic, neurobiologic, and electrophysio- 
logic studies in epileptic patients will allow us to 
understand this phenomenon better. 
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Forty-five patients were evaluated during knee arthroscopy 
performed using local anesthesia produced by lidocaine with 
epinephrine to determine the dose-response relationship for 
operative analgesia. Serum lidocaine concentrations were 
also measured. Patients were randomized prospectively to 
receive 20 mL of 0.5%, 1.0%, or 1.5% lidocaine with 
epinephrine intraarticularh y. Intraoperative discomfort was 
measured by verbal response on an 11-point linear pain 
scale. Pain scores were significantly higher in patients 
recetving 0.5% lidocaine during the first 45 min of surgery 
(P = 0.03). After 45 min, pain scores continued to be 
higher in the 0.5% lidocaine group than in the 1.0% or 
1.5% groups, but the differences were not statistically 


Periarticular infiltration and intraarticular (IA) instil- 
lation of local anesthetics is a suitable method of 
anesthesia for arthroscopic knee surgery and may be 
an alternative to regional or general anesthesia (1-3). 
several methods for producing IA anesthesia have 
been described for knee arthroscopy that differ in 
volume, concentration, and type of local anesthetic, 
use of adjuvant epinephrine, and method of local 
anesthetic instillation (1-10). Although all regimens 
have a high success rate, dose requirements have 
been reported only for bupivacaine (5). Lidocaine has 
been described for use alone or in combination with 
bupivacaine, but dose requirements have not been 
reported (2,6-8). The purpose of this study was to 
determine the dose-response relationship for 
lidocaine and to measure serum lidocaine concentra- 
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significant. Ninety-four percent of patients in the 1.5% 
lidocaine group were willing to repeat this anesthetic 
technique for surgery compared with 83% of those in the 
1.0% lidocaine group and 75% of those in the 0.5% 
lidocaine group (P > 0.05). The duration of postoperative 
analgesia was similar in all groups. Serum lidocaine con- 
centrations before and 15, 30, 60, and 120 min after 
instillation of lidocaine were highest in the 1.5% lidocaine 
group with a peak concentration of 278 ng/mL. No patient 
had symptoms of lidocaine toxicity. We recommend that 
lidocaine concentrations of 1.0% or 1.5% be used when 20 
mL is instilled intraarticularly for knee arthroscopy based 
on patient comfort and absence of lidocaine toxicity. 


Key Words: ANESTHESIA, ortHorepic—knee 
arthroscopy with lidocaine. ANESTHETIC 
TECHNIQUES, Locar—knee arthroscopy. 


tions after extraarticular and IA administration in 
patients undergoing knee arthroscopy. 


Methods 


Forty-five outpatients (ASA physical status I or IJ) 
scheduled for arthroscopic knee surgery participated 
in this institutionally approved, randomized, double- 
blind study. Written informed consent was obtained 
before patients entered the study. 

All patients were offered inhalation of nitrous 
oxide and oxygen (50/50 mixture) by mask before 
lidocaine injection; no other premedication was ad- 
ministered. With the patient supine, the operative 
knee was shaved, the skin was cleansed with povi- 
done-iodine solution, and the knee draped. In all 
patients, 20 mL of 0.5% lidocaine (Astra Pharmaceu- 
tical Products Inc., Westborough, Mass.) with freshly 
added epinephrine (Elkins-Sinn Inc., Cherry Hill, 
N.J.) (1:200,000) was injected into the skin, subcuta- 
neous tissue, and capsule in three peripatellar por- 
tals. Entry portals were located medial to the patellar 
tendon, lateral to the patellar tendon, and off the 
superolateral corner of the patella (1). The IA injec- 
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tion was made through an anesthetized skin portal. 
Patients were randomized to receive 20 mL intraar- 
ticularly of 0.5%, 1.0%, or 1.5% preservative-free 
lidocaine with freshly added epinephrine (1:200,000). 
Spread of IA lidocaine was encouraged by flexion and 
extension of the knee joint. 

Throughout surgery the joint was flushed contin- 
uously by gravity with lactated Ringer's solution. At 
the end of surgery, the arthroscope (4-mm Storz, 
30-degree lens) and surgical instruments were re- 
moved, and the joint was flushed with copious 
amounts of lactated Ringer’s solution. Patients re- 
turned to the ambulatory surgery unit until dis- 
charge. 

Pain was measured by verbal response to an 11- 
point pain scale, consisting of a 10-cm horizontal line 
labeled “no pain” at 0 and “agonizing pain” at 10. 
The line was divided into 11 equal segments and 
numbered. Patients were shown the pain scale before 
each measurement. If a pain score greater than 3 was 
reported and not relieved by repositioning the leg or 
injecting lidocaine into the skin, patients were first 
offered inhalation of nitrous oxide and oxygen (50/50 
or 60/40 mixture by mask). If the pain was not 
diminished after nitrous oxide and oxygen, patients 
were offered intravenous fentanyl (50 yg); likewise, if 
the pain was not diminished after nitrous oxide and 
oxygen and fentanyl, patients were offered general 
anesthesia. Pain was measured after IA injection and 
arthroscope insertion and at 15-min intervals during 
surgery. Patients were also asked to record the time 
and pain score when the first postoperative oral 
analgesic was taken and the highest pain score dur- 
ing the night after surgery. Patients were later inter- 
viewed by telephone. 

Venous blood was collected immediately before 
extraarticular injection and 15, 30, 60, and 120 min 
after the IA lidocaine injection. No patient received 
supplemental injections of lidocaine. The blood was 
centrifuged and the serum harvested and stored at 
—80°C. Lidocaine concentrations were determined in 
duplicate by gas-liquid chromatography with a nitro- 
gen phosphorous detector, with a sensitivity of 5 
ng/mL and a coefficient of variation less than 10% 
(11). 

Statistical analyses were performed using Statisti- 
cal Analysis System (SAS, version 5.11, 1988) com- 
puter programs (12,13). Patient characteristics were 
compared using one-way analysis of variance. The 
Mantel-Haenszel y7-test was used to compare gen- 
der, the type of surgery, and patient data as appro- 
priate. The Kruskal-Wallis rank sum test was used to 
compare washout times and the duration of surgery 
and postoperative analgesia. A nonparametric re- 
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Table 1. Patient and Operative Data 


Groups 

0.5%" 1.0% 1.5% 
Age (yr) 37 + 16 36412 28+7 
Weight (kg) 82 + 12 78 + 14 74 + 12 
Gender (M/F) 8/4 10/5 11/5 
Washout (min) 28 + 8 28 + 8 29 +7 
Surgery duration (min) 73> 23 69 + 20 67 + 26 
Operative/diagnostic 10/2 14/1 14/2 


Values listed are mean + sp, except for gender and surgical procedure, 
which are patient counts. Surgical procedures are grouped as operative 
(resection or repair of intraarticular tissue) and diagnostic (visualization with 
or without biopsy). Differences between groups were not statistically signif- 
icant. 

“These values refer to the intraarticular lidocaine concentration admin- 
istered, 


peated measures analysis of variance test compared 
pain scores (14). Differences were considered statisti- 
cally significant if the exact probability test value was 
less than 0.05. 


Results 


The groups were similar with respect to age, weight, 
and gender. The duration of IA lidocaine (listed as 
washout), duration of surgery, and type of surgical 
procedure were not statistically different between 
groups (Table 1). 

The 0.5% lidocaine group had significantly higher 
pain scores through the first 45 min of surgery than 
either the 1.0% or 1.5% lidocaine groups (Figure 1). 
Pain scores through the last intraoperative measure- 
ment were not statistically different among groups. 
Power analysis of combined pain scores from incision 
to 30 min (n = 43) and from incision to 45 min (n = 38) 
revealed that our sample size and variability was such 
that we could detect group differences with 0.89 and 
0.73 power, respectively (a error of 0.05). 

More patients in the 1.5% lidocaine group were 
given nitrous oxide and oxygen before lidocaine 
injection than patients in either the 0.5% or 1.0% 
group. The number of patients in each group that 
inhaled nitrous oxide and oxygen intraoperatively 
was similar (Table 2). Only one of the patients who 
reported a pain score of 3 or less intraoperatively 
requested inhalation of nitrous oxide and oxygen. 
The duration of postoperative analgesia was similar 
among groups (Table 2). Eighty-five percent of all 
patients interviewed by telephone said they would be 
willing to repeat this anesthetic technique. The num- 
ber of patients willing to repeat this anesthetic tech- 
nique was greatest in the 1.5% lidocaine group (94%), 
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Table 2. Clinical Summary 


Groups 
0.5%" 1.0% 1.5% 
(n = 12) (n = 15) (n = 16) 
NO before lidocaine (n) 2 2 6 
Intraoperative N,O (n) 6 3 5 
Duration of analgesia (h) G02 3.3 GLEZ -5DE 2.3 
Repeat local anesthesia (%) 75 83 94 


The duration of analgesia was the time from intraarticular injection until 
the onset of pain after surgery. Patient willingness to repeat local anesthesia 
for this procedure is listed as “repeat local anesthesia.” One patient from the 
0.5% and three from the 1.0% lidocaine group were lost to follow-up. There 
were no statistically significant differences between groups. 

“These values refer to the intraarticular lidocaine concentration admin- 
istered. 


but the differences among the three groups were not 
statistically significant (Table 2). Two patients in the 
0.5% lidocaine group required general anesthesia 
because of knee pain. No patient required pneumatic 
tourniquet inflation for intraoperative control of 
bleeding in the knee joint. The surgeon reported 
satisfactory visualization and access to IA structures. 

Serum lidocaine concentrations in 17 patients 
ranged from undetectable to 278 ng/mL. Peak con- 
centrations occurred 60 and 120 min after IA injec- 
tion. The 1.5% lidocaine group had the highest con- 
centrations (Figure 2). No patient reported symptoms 
of lidocaine toxicity. 
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Figure 1. Median pain scores plotted by group at each measure- 
ment period. Pain scores are significantly higher in the 0.5% 
lidocaine group through 45 min of surgery. The number of patients 
remaining at each time period is listed above the bar. INJ, injection; 
INC, incision; and POSTOP, postoperative. 
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Figure 2. Venous serum concentrations of lidocaine versus time 
after IA lidocaine instillation. 


Discussion 


In the present study the level of patient satisfaction 
with local anesthesia was similar to other reports and 
comparable to different anesthetic techniques (3). 
Eriksson et al. (3) surveyed 278 patients who had 
arthroscopic knee surgery using spinal, general, or 
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local anesthesia. Ninety-seven percent of patients 
given general anesthesia reported satisfaction, as 
compared with 77% of patients having local anesthe- 
sia and 64% of those given spinal anesthesia. In 11% 
the spinal anesthetics were not sufficient and general 
anesthesia was required. In the present study 14% of 
patients in the 0.5% lidocaine group were given 
general anesthesia because of insufficient anesthesia. 

The desire for an adequate duration of intraoper- 
ative analgesia and prolonged postoperative analge- 
sia may have prompted other investigators to com- 
bine lidocaine with a longer acting local anesthetic, 
such as bupivacaine (2,7,8), or to irrigate the joint 
intraoperatively with a dilute lidocaine solution (6). 
The results of the present study suggest that a single 
IA dose of lidocaine with epinephrine provides satis- 
factory analgesia for arthroscopic procedures on the 
knee. Both 1.0% and 1.5% lidocaine provide signifi- 
cantly better analgesia than 0.5% lidocaine through 
45 min of surgery. The trend in pain scores remained 
constant after 45 min, but differences were not statis- 
tically significant. This may be due in part to the fact 
that fewer subjects remained in the analysis. The 
duration of postoperative analgesia, however, was 
not prolonged with the higher concentrations of 
lidocaine, perhaps because similar amounts of 
lidocaine remain in the knee after joint irrigation, 
regardless of the initial dose, or because the maximal 
effect occurs with the lowest concentration studied. 

The techniques described for IA instillation of local 
anesthetic include an initial injection of local anes- 
thetic with subsequent washout by continuous irriga- 
tion, either with an isotonic crystalloid solution 
(2,7,8) or with a dilute concentration of local anes- 
thetic (3,4,6,10). Other authors anesthetize the skin 
portals and continuously irrigate the joint with a 
dilute solution of local anesthetic without an initial IA 
injection (4,10). The joint can be irrigated by gravity 
infusion (3,6,7,9) or by a pressure-controlled inflow 
device (1,4,8,10). Pressurized irrigation is thought to 
decrease IA bleeding, to provide better joint disten- 
tion, and to evacuate debris efficiently (8,10). How- 
ever, periarticular extravasation has resulted in leg 
swelling (4,10) and systemic absorption of local anes- 
thetic (10). In our study irrigation by gravity inflow 
provided satisfactory operative conditions (3,6,7,9) 
and functioned without complication. 

The serum lidocaine concentrations in the 1.5% 
lidocaine group were higher than those in the 0.5% or 
1.0% lidocaine groups. All lidocaine concentrations 
were at least an order of magnitude lower than those 
associated with systemic toxicity, which is usually 
greater than 5 ug/mL (15). Although we sampled 
blood for only 120 min, it is unlikely that further 
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absorption of lidocaine would be significant because 
the joint was flushed with lactated Ringer’s solution 
during and after surgery. Lidocaine concentrations in 
the present study are comparable to those reported 
by Massey et al. (6), who used a similar IA dose but 
then irrigated with a 0.2% lidocaine solution, Al- 
though absorption of extraarticular lidocaine contrib- 
uted to the total venous concentration, the dose was 
constant for all three groups. 

Epinephrine will slow local anesthetic absorption 
from the knee after periarticular and IA injection. 
Yoshiya et al. (7) reported mean venous lidocaine 
concentrations of 900-1000 ng/mL and a maximum 
value of 2400 ng/mL after administering an IA 
lidocaine and bupivacaine solution without epineph- 
rine. A similar IA lidocaine dose with epinephrine in 
our study resulted in mean concentrations of 100-200 
ng/mL and a maximum value of 278 ng/mL. Epineph- 
rine also decreases serum concentrations of bupiv- 
acaine when injected into the knee (16). Epinephrine 
may act to decrease IA bleeding during surgery and 
to negate the need for tourniquet inflation. If tourni- 
quet inflation is part of the surgical technique, a 
different anesthetic technique may be necessary. 

In conclusion, arthroscopy of the knee under 
lidocaine local anesthesia can be performed in many 
patients who desire to remain awake. The frequent 
use of systemic analgesics intraoperatively, however, 
points out the need for an appropriate level of anes- 
thesiological vigilance. We recommend the use of 
1.0% or 1.5% lidocaine with epinephrine based on 
patient comfort intraoperatively and the absence of 
lidocaine toxicity in any of our patients. 


The authors thank Cathy L. Chambers and Richard I. Cook, MD, for 
their help in the preparation of this manuscript. 
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Esmolol Attenuates Cardiovascular Responses to Extubation 


Andrew Dyson, MB, ChB, FFARCS, Philip A. Isaac, MB, BS, FFARCS, 
John H. Pennant, MA, MB, BS, FFARCS, Adolph H. Giesecke, MD, and 


James M. Lipton, PhD 


DYSON A, ISAAC PA, PENNANT JH, GIESECKE AH, 
LIPTON JM. Esmolol attenuates cardiovascular responses 
to extubation. Anesth Analg 1990;71:675-8. 


Changes in heart rate and systclic blood pressure were 
measured during extubation and emergence from anesthesia 
in 40 ASA physical status I and II patients in a double-blind 
study to assess the effect of three doses of esmolol (1, 1.5, 
and 2 mg/kg) given as a bolus 2 min after reversal of 
neuromuscular blockade. Heart rate (P < 0.01), systolic 
blood pressure (P < 0.02), and rate-pressure product 


Numerous studies have reported an association of 
hypertension and tachycardia with laryngoscopy and 
tracheal intubation (1-4). Increases in blood pressure 
and heart rate (HR) at the end of anesthesia and 
during extubation are also common (5) and may 
cause dangerous increases in myocardial oxygen de- 
mand in patients with coronary artery disease (6,7). 
Acute increases in blood pressure may also be haz- 
ardous in patients who have undergone neurosurgi- 
cal procedures. 

Esmolol is an ultrashort-acting, highly cardio- 
selective -adrenergic receptor antagonist. Its rapid 
elimination is due to conversion to an inactive free 
acid metabolite by plasma esterases (8,9). The pur- 
pose of this study was to evaluate the effect of various 
doses of esmolol on cardiovascular responses to ex- 
tubation. 


Patients and Methods 


After Institutional Review Board approval, 40 ASA 
physical status I and II patients, age range, 18-65 yr, 
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(P < 0.01) increased significantly during extubation of the 
control group. All doses of esmolol attenuated the increases 
in heart rate, but 1 mg/kg was insufficient to control the 
increase in systolic blood pressure. Doses of 1.5 and 2 
mg/kg controlled both systolic blood pressure and heart rate, 
but the larger dose produced significant decreases in systolic 
blood pressure. 


Key Words: SYMPATHETIC NERVOUS SYSTEM, 
PHARMACOLOGY—esmolol. ANESTHETIC 
TECHNIQUES, ExrusATION—esmolol. 


who were scheduled for elective noncardiac surgery 
agreed to participate in the study. Patients were 
excluded if they had a history of bronchospasm or if 
they were currently taking cardiovascular or antihy- 
pertensive medications. The patients were randomly 
divided into four groups using random-number ta- 
bles to assign a sealed envelope to each patient. 
Group 1 was the control group and was given a 
placebo; group 2 patients were given 1.0 mg/kg 
esmolol; group 3 patients were given 1.5 mg/kg 
esmolol; and group 4 patients were given 2.0 mg/kg 
esmolol. 

All patients were premedicated with ranitidine 
(150 mg) and sodium citrate (30 mL) orally 1 h 
preoperatively. Before general anesthesia, three read- 
ings of HR and blood pressure were taken; the mean 
value was used as the baseline. Anesthesia was 
induced with 4-6 mg/kg thiopental and 0.15 pg/kg 
sufentanil. Vecuronium (0.1 mg/kg) was used for 
neuromuscular relaxation and given in 1-mg incre- 
ments. Patients were ventilated to normocapnea with 
isoflurane in 70% nitrous oxide in oxygen to obtain 
end-tidal isoflurane concentrations of 0.2%—0.6%, as 
measured by mass spectrometry, according to patient 
response to surgery. A target of within 10% of normal 
systolic blood pressure (SBP) and HR was used to 
adjust the vaporizer setting. Incremental doses of 0.1 
pg/kg sufentanil were given every 30 min. At the end 
of surgery, isoflurane and nitrous oxide were discon- 
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Table 1. Patient Characteristics for Each of the Four Groups 
Group 
Characteristic Placebo 1 mg/kg esmolol 1.5 mg/kg esmolol 2 mg/kg esmolol 

Age (yr) 32.9 + 9.5 30.3 + 8.5 37.1 + 10.4 35.3 + 8.8 
No. of women Z 7 6 
Weight (kg) 0:2: i7 69.1 + 11.1 65.4 + 11.1 68.9 + 13.1 
Baseline HR (beats/min) 72 £+ 8.7 81 + 17.1 73 4157 82 + 19.7 
Baseline SBP (mm Hg) 125 + 12.0 130 + 13.6 122 + 18.4 125 + 11.8 
Duration of surgery (min) 98 + 29.3 124 + 95.5 103 + 55.1 143 + 72.0 

HR, heart rate; SBP, systolic blood pressure. 

All values are expressed as mean + sp, except that for “No. of women.” 
tinued. When the end-tidal isoflurane concentra- X 
tion was 0.1%, 2.5 mg neostigmine and 0.5 mg 
glycopyrrolate were given over 30 s to reverse neu- 8 we ee amooo 
romuscular blockade. Two minutes later, esmolol or p 
placebo was given intravenously over30sin15mLof & s g eee 
saline. This had been prepared beforehand by an @ 

. . « . . aX 
assistant using the sealed envelope, and its identity © ~ 
was unknown to the anesthesiologist. Extubation & 4 “ fal nace ee E 
was performed when the patients could breathe =z ] ~ 
spontaneously and open their eyes on command. In Š V E Se re 
practice this was between 2 and 5 min after the T ~ 7 V N - 
injection of esmolol. o \ o \ N 

Blood pressure and HR were recorded every 3 min Ree cebo 10mg/Kg 15mg/K9 2.0mg/Kg 


during anesthesia and every minute from the time 
of reversal; the same noninvasive blood pressure 
monitor (Dinamap) and printer was used for all 
patients. 

Changes in HR and blood pressure between 
groups were compared and analyzed with Student's 
t-test and two-way analysis of variance with repeated 
measures on time. Changes in HR and SBP of greater 
than 20% were noted and analyzed by the x test. A 
P value less than 0.05 was accepted as significant. 


Results 


No statistical differences were found between any of 
the four groups for weight, age, sex, duration of 
anesthesia, resting SBP, or HR (Table 1). In addition 
there were no differences in the times for extubation 
between groups; all patients were extubated within 4 
min of receiving esmolol or placebo. 

During extubation in the control group HR and 
SBP increased significantly when compared to base- 
line levels (P < 0.01 and P < 0.02, respectively). 

After treatment the number of patients in whom 
HR increased more than 20% was significantly 
greater in the control group than in all three esmolol 
groups (P < 0.01; Figure 1). Significantly more pa- 
tients (all 10) in the control group had increases in HR 


Figure 1. Number of patients who developed increases in HR of 
20% or more upon extubation after placebo or esmolol {n = 10 for 
each group). 


of greater than 20% than did patients in the esmolol 
groups (P < 0.05), but the changes in HR were not 
significantly different between groups. 

The number of patients in whom SBP increased 
more than 20% was significantly greater in the control 
group than in the 1.5- and 2.0-mg/kg esmolol groups 
(P < 0.02), but the difference between the control 
group and the 1.0-mg/kg group was not significant 
(Figure 2). A dose of 2.0 mg/kg was no more effective 
than 1.5 mg/kg in suppressing increases in SBP. The 
number of patients in the control and 1-mg/kg groups 
who had increases of 20% or more in the SBP was 
significantly greater (P < 0.05) than in the 1.5- and 
2-mg/kg groups, which did not differ significantly 
with each other. Of the 10 patients in the control 
group, six had a maximal increase in SBP of 40% or 
more (seven had an SBP in excess of 150 mm Hg and 
two had an SBP in excess of 200 mm Hg). No patient 
in a group receiving esmolol had a maximal increase 
in SBP above 35%. 

Two patients in the 1.5-mg/kg esmolol group and 
five patients in the 2-mg/kg group had decreases in 
SBP of more than 20%, compared with none in the 


ESMOLOL AND EXTUBATION 


NUMBER OF PATIENTS 





1.8mg/ kg 






1.0mg/Kg 2.0mg/kg 


Figure 2. Number of patients who developed increases in SBP of 
20% or more upon extubation after placebo or esmolol (7 = 10 for 
each group). 


control and 1.0-mg/kg groups. The difference was 
only significant for the 2-mg/kg group (P < 0.05). 


Discussion 


Cardiovascular changes such as hypertension and 
tachycardia during tracheal intubation are potentially 
detrimental to patients with ischemic heart disease 
(4,10). We have shown in this study that similar 
pressor responses and tachycardia can occur in 
healthy patients during emergence from anesthesia, 
and that these responses are easily blocked by a 
bolus dose of esmolol. An intravenous dose of 1.5 
mg/kg is sufficient to produce attenuation without 
decreases in HR and SBP that may occur with a larger 
dose. Better control may be achieved by the use of 
repeated smaller doses, a continuous infusion of 
esmolol, or by use of a longer acting drug such as 
labetalol, although these methods are intrinsically 
more complex. A recent study of extubation in pa- 
tients who had undergone craniotomy and were 
hypertensive on emergence showed that, although 
effective, labetalol tended to decrease HR postopera- 
tively when compared with a continuous infusion of 
esmolol (11). In addition, esmolol is the most B,- 
selective adrenergic blocker available (9) and may be 
less likely to provoke bronchospasm than labetalol 
(12). 

Lidocaine has been used with apparent good effect 
to suppress not only the cardiovascular response 
to extubation but also the coughing associated with 
the presence of an endotracheal tube (5). However, 
the mechanism by which lidocaine works remains 
unclear. It may be caused by deepening of anesthesia 
or by local anesthesia of the airway. Neither of 
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these effects is desirable at the conclusion of anesthe- 
sia. 

Esmolol, with its rapid onset and extremely short 
duration of action (t; = 9 min) (9), would appear to 
be an ideal drug for preventing acute increases in HR 
and SBP. However, we would advise caution when 
using bolus doses of esmolol during extubation un- 
less the patient has received atropine or glycopyrro- 
late (as part of the reversal of neuromuscular block- 
ade) because tracheal stimulation in the presence of 
B-blockade may potentially produce profound brady- 
cardia. 

No patient in our study required treatment for 
hypotension, bradycardia, or significant arrhythmias. 
No side effects were observed in any patient, with the 
exception of one patient in the 1.5-mg/kg group, who 
complained of vivid dreams during recovery. 

Several studies have shown that f-adrenergic 
blockade with esmolol can obtund the tachycardia 
and hypertension associated with endotracheal intu- 
bation (13-16). We have found only one published 
study investigating the effect of esmolol on the reflex 
cardiovascular response associated with extubation in 
the perioperative period, and this related specifically 
to craniotomy patients who were treated after the 
onset of hypertension (11). 

In summary, we have shown that the increase in 
HR that occurs during extubation can be successfully 
attenuated by bolus injection of 1 mg/kg esmolol, 
although this dose is insufficient to effectively block 
increases in SBP. A larger dose of 1.5 mg/kg blocks 
the maximal increase in HR and controls SBP. Doses 
of 2 mg/kg produce significant (>20%) decreases in 
SBP without further attenuation of the pressor or HR 
responses. The use of esmolol before extubation may 
be beneficial in patients with ischemic heart disease 
and good left ventricular function, especially in the 
presence of borderline hypertension. 
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Fetal Heart Rate Variability After Epidural Fentanyl During Labor 


Christopher M. Viscomi, MD, David D. Hood, MD, Paula J. Melone, Do, and 


James C. Eisenach, MD 


VISCOMI CM, HOOD DD, MELONE PJ, EISENACH JC. 
Fetal heart rate variability after epidural fentanyl during 
labor. Anesth Analg 1990;71:679-83. 


The effects of epidural fentanyl on fetal heart rate (FHR) 
were examined in 39 parturients, 19 given 75 ug epidural 
fentanyl and 20- given normal saline in 5-mL volumes 
administered randomly after establishment of adequate epi- 
dural lidocaine analgesia. Fetal heart rate was measured 15 
min before and 15 min after lidocaine epidural analgesia, 
and for 60 min at 5-min intervals after administration of 
epidural fentanyl/placebo. A perinatologist blinded to the 


Epidural fentanyl is often utilized to - supplement 
epidural local anesthetics for analgesia during labor. 
Possible. benefits of supplementing epidural local 
anesthetics with fentanyl include better and more 
rapid onset of analgesia (1-3). When administered by 
continuous epidural infusion, combining’ fentanyl 
with dilute epidural local anesthetics produces anal- 
gesia equivalent to that produced by more concen- 
trated local anesthetic solutions without fentanyl (4). 
In addition, dilute local anesthetic solutions mixed 
with fentanyl produce less motor block (4). 

Maternal intravenous morphine, meperidine, and 
fentanyl decrease fetal heart rate (FHR) variability for 
up to 30 min (5-7). Electronic FHR monitoring is an 
integral facet of modern obstetrics (8). Many obstetri- 
cians believe that diminished FHR variability most 
reliably predicts fetal distress (9). Normal FHR vari- 
ability is considered reassuring (10), and decreased or 
absent variability is often associated with fetal acido- 
sis and low Apgar scores (11). However, diminished 
variability is not specific for fetal acidosis/hypoxia. 
Other causes include fetal sleep cycles and maternal 
analgesic administration (9). These reductions in FHR 
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injected epidural solution analyzed FHR tracings. Epidural 
injections of fentanyl and saline, when given during estab- 
lished epidural lidocaine analgesiá, were associated with 
equal reductions in FHR variability and the frequency of 
FHR accelerations (P < 0.003). Neonatal outcome was also 
similar in both groups. The clinical significance, if any, of 
these moderate reductions in FHR during epidural lidocaine 
analgesia is unclear. 


Key Words: ANESTHESIA, OBSTETRICAL—fetal 
heart rate. AN ESTHETIC TECHNIQUES, 
EPIDURAL—fentanyl. 


variability may deprive obstetricians of a valuable 
monitor of fetal well-being. We therefore analyzed 
FHR tracings after epidural fentanyl supplementation 
of epidural lidocaine analgesia. 


Methods and Materials 


The Clinical Research Practices Committee approved 
this protocol, and we obtained’ written informed 
consent from all study participants. Patients in estab- 
lished, painful labor requesting epidural analgesia 
were candidates for study. Exclusion criteria included 
premature labor, previous cesarean section, cervical 
dilatation >7.cm, toxemia, diabetes, known fetal 
anomalies, thick meconium, and preepidural FHR 
evidence of fetal distress. Fetal heart rate was moni- 
tored with an internal fetal scalp electrode placed at 
least 15 min before the epidural catheter insertion. 
Uterine displacement was assured throughout the 
study period. 

We inserted lumbar epidural catheters and se- 
quentially tested for intrathecal and intravenous 
placement with 2% lidocaine, 2 and 5 mL, respec- 
tively.. If necessary, an additional 5 mL of 1.5% 
lidocaine was injected to obtain satisfactory labor 
analgesia. At least 15 min after the last epidural 
lidocaine injection, we randomly administered epid- 
urally either 75 ug fentanyl or saline in a 5-mL 
volume. 
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Fetal heart rate tracings were examined in 14 
observation periods: 15 min before epidural place- 
ment (baseline), 15 min after establishment of ade- 
quate epidural lidocaine analgesia, and at 5-min in- 
tervals for 1 h after epidural fentanyl or placebo 
injection. Both the patient and the perinatologist 
interpreting the tracing were blinded to the study 
solution. 

Fetal heart rate parameter analysis included base- 
line rate, presence of decelerations (variable or late), 
presence of accelerations, and long-term variability 
(10). We used our standardized institutional FHR 
variability scoring system: 0, <5 beats/min variability; 
1, 6-10 beats/min variability; and 2, >10 beats/min 
variability. This is a modification of our earlier FHR 
variability scoring system that categorized variability 
into greater than or less than 10 beats/min (12). 

We recorded maternal age, height, weight, gravid- 
ity, parity, and cervical dilation at time of epidural 
placement; neonatal Apgar scores; the frequency of 
maternal respiratory rates less than 12 or neonatal 
respiratory depression (1- or 5-min Apgar respiratory 
score = 0 or 1); and maternal hypotension (>20% 
systolic blood pressure reduction). 

Statistical analysis of demographic variables in- 
cluded y Wilcoxon rank-sum tests, Student's t-tests, 
and analysis of variance, as appropriate. Univariate 
repeated-measures analysis of variance’ assessed 
treatment group and time effects on absolute FHR. 
Because the variability, accelerations, and decelera- 
tion scores were either categorical or ordinal, we 
performed several statistical analysis. y’-Tests were 
performed at each time period to assess differences 
between groups in FHR decelerations, accelerations, 
and variability scores (noncontinuous variables). To 
futher increase analysis sensitivity, we also grouped 
the low and intermediate variability scores and com- 
pared them with the high variability scores and 
repeated the analysis of variance with repeated mea- 
sures. Finally, assuming that FHR acceleration, de- 
celeration, and variability scores were at least ordinal, 
we performed repeated-measures analysis of vari- 
ance on the ranks of the data. A P value <0.05 was 
considered to be statistically significant. 


Results 


We studied 40 parturients (n = 20 for epidural fent- 
anyl and n = 20 for saline-placebo). One patient in 
the fentanyl group delivered before completion of the 
study and was excluded from data analysis. 

There was no difference in maternal or neonatal 


VISCOMI ET AL. 
Table 1. Demographic Characteristics 
Patient group 

Fentanyl Saline 

(n = 19) (1 = 20) 
Patient age (yr) 28 +1 26+ 1 
Height (cm) 164 + 1 162 + 1 
Weight (kg) 83 + 2 78 + 4 
Cervical dilatation (cm) 4.0 + 0.3 3.8 + 0.9 
l-min Apgar <7 0/19 2/20 
S-min Apgar <7 0/19 1/19 
Hypotension" 4/19 4/20 
Receiving pitocin 8/19 8/20 


Values for age, height, weight, and cervical dilatation are expressed as 
mean + SEM. 
“Greater than 20% reduction in systolic blood pressure. 
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Figure 1. Mean (+ sem) fetal heart rate. BASE, 15 min average 
FHR before injection of epidural lidocaine; EPID, 15 min average 
FHR during epidural lidocaine analgesia before injection of epid- 
ural fentanyl or saline; arrow, injection of 75 ug fentanyl or saline; 
+10, average FHR at 10-min intervals, after epidural fentany)/ 
saline injection. 


demographics (Table 1). Two neonates (both from the 
placebo group) had Apgar scores <7, one of whom 
was subsequently found to have congenital heart 
disease. Baseline FHRs were similar in both groups 
(Figure 1). The incidence of variable or late decelera- 
tions was also similar in both groups and did not 
change with time. Fentanyl administration did not 
influence either FHR variability or the presence of 
accelerations (Figures 2 and 3). Although none of the 
FHR parameters differed between groups, FHR vari- 
ability and percent of tracings with accelerations 
diminished significantly over time, independent of 
fentanyl administration (P < 0.003). 


Discussion 


One consequence of utilizing narcotics during labor is 
the possibility of diminishing the effectiveness of 


FHR VARIABILITY AND EPIDURAL FENTANYL 


DECREASED FHR VARIABILITY 
(% OF TRACINGS) 
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Figure 2. Percent of fetal heart rate tracings with decrease in 
variability below baseline levels. BASE, 15 min baseline observa- 
tion period, before epidural lidocaine; EPID, 15 min average during 
epidural lidocaine analgesia before epidural fentanyl or saline; 
arrow, injection of 75 ug fentanyl or saline; +10, FHR variability at 
10-min intervals after epidural fentanyl/saline injection. 
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Figure 3. Percent of fetal heart rate tracings showing accelera- 
tions. BASE, 15 min baseline observation period before epidural 
placement; EPID, during epidural lidocaine analgesia; arrow, in- 
jection of 75 wg fentanyl or saline; +10, FHR accelerations above 
baseline at 10-min intervals after epidural fentanyl/saline injection. 


FHR monitoring. The lack of changes in FHR in our 
study after epidural fentanyl is in contrast to reports 
of reductions in FHR variability after systemic admin- 
istration of meperidine, morphine, or fentanyl (5-7). 

Several investigators have reported diminished 
short-term FHR variability after intravenous meperi- 
dine or morphine when computer-aided short-term 
FHR variability (beat-to-beat) was analyzed (5,6). 
Computer analysis of the fetal R-R interval may be 
more sensitive in identifying subtle variability 
changes. However, clinical assessment of FHR vari- 
ability is based primarily on long-term variability. 
Changes in short- and long-term variability usually 
occur in parallel (10). Our aim was to mimic the 
common clinical situation, where visual interpreta- 
tion of long-term FHR variability is usually employed 
(10). 

Recently, Rayburn et al. (7) studied long-term FHR 
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variability changes in 49 laboring women given 50- 
100 ug/h intravenous fentanyl. In 49% of parturients, 
long-term variability decreased after fentanyl admin- 
istration. These intravenous doses could transiently 
produce maternal fentanyl plasma levels far in excess 
of the expected minimal fentanyl plasma levels that 
would follow our single epidural administration of 75 
pg fentanyl (13). The resulting fetal plasma levels 
might be high enough to produce FHR variability 
changes. 

The above studies (5-7) of intravenous narcotics 
suffer from flaws in experimental design. All, for exam- 
ple, utilize FHR recordings before narcotic administra- 
tion as the only control or baseline data, and none were 
blinded, randomized, or placebo-controlled. 

The lack of effect on FHR associated with epidural 
fentanyl in our study probably reflects the relative 
low dose of fentanyl administered and the maternal 
and fetal pharmacokinetics of epidural fentanyl. Al- 
though low plasma fentanyl levels are generally re- 
ported after a single administration of epidural fent- 
anyl, systemic absorption oz epidural fentanyl may be 
highly variable, especially when using radioimmuno- 
assay techniques (14). For example, in a study of 
nonpregnant patients three of eight patients had no 
detectable plasma fentanyl concentrations after epid- 
ural fentanyl; the remaining patients had maximum 
plasma fentanyl levels of 0.44.1 ng/mL (15). Other 
investigators using radioimmunoassay techniques re- 
port that 80 wg epidural fentanyl attains peak mater- 
nal plasma levels of 0.5-1.0 ng/mL within 5-20 min 
after epidural administration in laboring women 
(2,13,16,17). Similarly, when utilizing gas-liquid chro- 
matographic assay of blood, fentanyl could be de- 
tected in the plasma in only two of six nonpregnant 
patients after 1 wg/kg epidural fentanyl. The prepon- 
derance of the literature reports very low maternal 
fentanyl plasma/blood levels after a single adminis- 
tration of epidural fentanyl. 

The fetal effects that follow bolus epidural fentanyl 
are minimal. In pregnant sheep, fentanyl’s maternal/ 
fetal arterial plasma ratio stabilizes at approximately 
2.5 between 20 and 60 min after bolus epidural 
fentanyl administration (18). This ratio would further 
reduce fetal exposure to epidural and minimize fetal 
effects. In addition, FHR, blood pressure, arterial pH, 
and uterine blood flow do not change significantly in 
pregnant sheep after 50-1D0 ug epidural fentanyl 
(19). We administered epidural fentanyl in dosages 
similar to these reports and found no changes in 
FHR. Because we observed the FHR for 60 min after 
epidural fentanyl injection, it is likely that any fetal 
effects of fentanyl would have been noted. 

Our finding of significant changes over time in 
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FHR variability and percent of fetuses with FHR 
accelerations deserves further commentary. Al- 
though there were no differences between fentanyl 
and saline-treated groups, both groups showed sig- 
nificant changes from baseline levels during the pe- 
riod of observation. The reductions in FHR variability 
and accelerations may be associated with epidurally 
administered lidocaine or some other factor associ- 
ated with labor. 

The association of epidurally administered 
lidocaine during labor with diminished FHR variabil- 
ity or accelerations is controversial. Boehm et al. (20) 
studied changes in short- and long-term FHR vari- 
ability after maternal epidural lidocaine injection with 
and without epinephrine. Patients with significant 
reductions in blood pressure (defined as <100 torr) 
were excluded. One of four patients receiving plain 
lidocaine developed “minimal” reductions in FHR 
variability within 5 min of epidural injection that 
persisted for 9 min. In the same study, 7 of 11 
patients receiving lidocaine with 1:200,000 epineph- 
rine also developed reduced FHR variability of similar 
onset and duration. Hehre and coworkers (21) exam- 
ined short-term variability in 18 laboring women 
receiving epidural analgesia. Seven milliliters of 2% 
lidocaine with epinephrine 1:200,000 was utilized. 
These authors reported decreased variability “in the 
majority” of patients, beginning 6 min after injection 
and persisting for 4 min. No statistical methods were 
mentioned, and maternal blood pressure was not 
reported. Other investigators report no significant 
FHR variability reductions after epidural lidocaine 
labor analgesia (with and without epinephrine) 
(22,23). These were unblinded studies, and FHR 
accelerations were not analyzed. 

We did not add epinephrine to our epidural 
lidocaine and thus avoided the possible confounding 
effects of epinephrine on the fetus or on uterine blood 
flow. Still, we discovered small but clinically recog- 
nizable reductions in FHR variability and accelera- 
tions. If there are FHR variability changes that follow 
epidural fentanyl, they are small and probably clini- 
cally insignificant. We estimate, using our observed 
group differences, that the number of patients 
needed to demonstrate a 6% difference in FHR vari- 
ability would be in excess of 500 (24). 

A difficulty with our experimental design as well 
as with other similar studies is the absence of true 
control data obtained in patients given no analgesia. 
Ethical considerations, however, prohibit withhold- 
ing labor analgesia from women who desire it. Thus, 
randomizing patients to receive an epidural or no 
analgesia is difficult if not impossible. Women who 
do not desire analgesics during labor may not be 
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suitable controls for those who strongly desire such 
therapy. Most investigations have utilized a period of 
time before analgesic use as their control and made 
FHR comparisons to a later period of labor, after an 
analgesic intervention has been made, but such data 
are baseline data, not true controls. Unfortunately, 
labor is a dynamic process, with duration, frequency, 
and intensity of contractions all increasing through- 
out it (25). Thus, differentiating analgesic effect from 
the effect of advancing labor is difficult. 

In summary, because epidural injections of fenta- 
nyl or saline in parturients given lidocaine epidural 
analgesia for labor were both associated with statisti- 
cally significant but equal reductions in FHR variabil- 
ity and the frequency with which FHR accelerations 
occurred, we conclude that epidural fentanyl alone 
has no significant effect on FHR under the conditions 
of our study. The clinical significance of these mod- 
erate reductions in FHR parameters during epidural 
lidocaine analgesia is unclear. 
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limitations. Anesth Analg 1990;71:684-90. 


Tracheal insufflation of oxygen (TRIO) may provide tem- 
porary oxygenation for patients or sustain life in apneic 
mass casualties when conventional ventilatory techniques 
are not available or feasible. Logistically, minimum flows of 
TRIO (Vinin) are desirable for field use and to reduce 
barotrauma should airway obstruction occur. We carried 
out a feasibility study to determine the efficacy of Vinin Of 
TRIO delivered within 1 cm of the carina, in nine anesthe- 
tized and paralyzed dogs. Minimum flows of TRIO for these 
dogs of average weight (12 kg) was 91 mL/min. In six of the 
dogs V nin TRIO was continued and provided oxygenation 
for an average of 1.5 h compatible with subsequent resus- 
citation with conventional ventilation. However, Paco, 


Tracheal insufflation of oxygen (TRIO) is a technique 
of continuous flow ventilation, similar to apneic ox- 
ygenation, that can sustain life in apneic anesthetized 
dogs for up to 5h (1). The major clinical advantages 
of TRIO over apneic oxygenation are that TRIO does 
not require denitrogenation with 100% oxygen (O,) 
for efficacy. Tracheal insufflation of O, delivered 
within 1 cm of the carina also results in carbon 
dioxide (CO,) excretion proportional to O, flow (1). 
With apneic oxygenation, no CO, is removed (2-4) 
because there is only a unidirectional movement of 
O, into the alveoli. The historical literature on TRIO 
has been previously summarized (1,5). Recent stud- 
ies indicate that the mechanisms of gas exchange 
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levels increased to mean values of 256 mm Hg in the 90 
min. To determine what the effect of increased gas mixing 
was on gas exchange, we repeated V „in TRIO for 10 min in 
six of the dogs with and without high frequency oscillations 
superimposed on the TRIO flow. The oscillations (60 mL at 
16.3 Hz) increased carbon dioxide excretion but signifi- 
cantly impaired oxygenation. In completely apneic animals, 
TRIO at low flow delivered by cricothyroidotomy may be 
useful as an emergency procedure when upper airway 
obstruction limits the use of other airway management 
techniques. However, enhancement of gas mixing during 
low-flow TRIO impairs oxygenation, so that higher flows 
would be required when respiratory efforts occur. 


Key Words: VENTILATION, TRACHEAL 
INSUFFLATION. 


include cardiogenic oscillations, molecular diffusion, 
and convection close to the exit of O, at the carina 
(6,7). Carbon dioxide excretion was greatly improved 
in partially paralyzed spontaneously breathing dogs 
when TRIO of 5 L/min was applied (8). Tracheal 
insufflation of O, is advocated for mass casualties (5) 
and as a temporary measure in nonideal circum- 
stances when tracheal intubation cannot be instituted 
(1). 

Tracheal insufflation of O, delivered by a catheter 
placed through a cricothyroidotomy cannula could be 
useful in field and emergency circumstances in which 
technical difficulty, upper airway obstruction, or lack 
of equipment make conventional tracheal intubation 
and ventilation not feasible (5). Prolonged (>1 h) use 
of TRIO from a limited O, supply would require 
minimum flows of O, compatible with adequate 
oxygenation. In addition, minimum flows would be 
advantageous to reduce barotrauma during the in- 
hospital or field use of TRIO and in the presence of 
upper airway obstruction. If sufficiently low flows are 
used, continuous exhalation may occur through the 
space between the TRIO catheter and the cricothy- 
roidotomy cannula even when complete upper air- 
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way obstruction is present. To establish the feasibility 
of low-flow TRIO we determined the minimum flow 
of TRIO (V nin) compatible with Pao, greater than 50 
mm Hg after 30 min, and examined the cardiorespi- 
ratory function of animals ventilated at Vmin: To 
determine how gas exchange might be affected when 
gas mixing was increased in the airways, such as may 
occur in the field with suctioning, attempts at spon- 
taneous respiration, or external chest compression, 
we superimposed high-frequency oscillations onto 
Vinin TRIO. 


Methods and Materials 


In conducting this research we adhered to the “Guide 
for the Care and Use of Laboratory Animals” of the 
Institute of Laboratory Animals of the Institute of 
Laboratory Animal Resources, National Research 
Council (NIH Publication No. 86-23, revised 1985). 
Nine dogs ranging in weight from 8 to 20 kg (mean 
+ sE, 12 + 1 kg) were anesthetized with intravenous 
30 mg/kg pentobarbital and tracheally intubated with 
a 1.5-mm internal diameter TRIO catheter outside an 
9-mm internal diameter cuffed tracheal tube, the 
latter with two sampling lumina (Hi-Lo Jet, Mallinck- 
rodt, Glens Falls, N.Y.). Anesthesia and neuromus- 
cular paralysis were maintained with a continuous 
infusion of 3 mg-kg™'-h~’ thiamylal and 0.1 
mg:kg~'-h7* pancuronium. Conventional mechani- 
cal ventilation (CMV) with room air began at a rate of 
12 breaths/min and with a tidal volume sufficient to 
maintain Paco, at 35 + 1.1 mm Hg. Pulmonary 
arterial and femoral arterial catheters were inserted. 
A pulse oximeter (Nellcor, Hayward, Calif.) was 
placed on the tongue for the continuous monitoring 
of arterial O, saturation (Sao). To ensure ideal gas 
exchange in this feasibility study, the tip of the TRIO 
catheter was adjusted using a fiberoptic broncho- 
scope so that it was 1 cm proximal to the carina. 
Systemic arterial pressure (Part), pulmonary artery 
pressure (Ppa), airway pressure (Paw; monitored 
through a lumen in the wall of the Hi-Lo tracheal 
tube), and esophageal pressure (Pes; from a balloon 
placed in the lower third of the esophagus) were 
monitored by pressure transducers (Statham, Ox- 
nard, Calif.). Electrocardiogram, Part, Ppa, Paw, Pes, 
and Sao, were recorded continuously on an eight- 
channel ink-jet recorder (Mingograf Siemens, Elema, 
Sweden). A mass spectrometer (Med Spec II, Alle- 
gheny International, St. Louis, Mo.) calibrated with 
room air and factory calibrated 5.1% CO., 30.7% Oz, 
and 0% N, was used to simultaneously analyze 
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airway O, Nz, and CO, during the experiments 
involving high-frequency superimposed oscillations 
(see below). No airway gas sampling was used dur- 
ing Vmin determination. Full sets of measurements 
were made serially throughout the experiments and 
included arterial and mixed venous blood gas ten- 
sions and pH (sampled simultaneously and analyzed 
with temperature correction on IL713 Blood gas ana- 
lyzer, Lexington, Mass.) and cardiac output (Qt; 
measured by thermodilution using cardiac output 
computer 9520A American Edwards, Santa Ana, 
Calif.). Hemoglobin and arterial and mixed venous 
saturation were also measured from blood samples 
with a hemoximeter (OSM2 Radiometer, Copen- 
hagen, Denmark). 

First, adequacy of oxygenation at low-flow TRIO 
was established in each animal. Conventional me- 
chanical ventilation was stopped and TRIO begun at 
flows of 100 mL/min O, delivered from the calibrated 
flow meter of an anesthesia machine (Forreger, New 
York, N.Y.). Whenever Sao, monitored by pulse 
oximeter, remained above 9D% for 10 min and arterial 
blood gas analysis showed a Pao, above 50 mm Hg, 
TRIO was stopped. The animal was then ventilated to 
achieve baseline Paco, by CMV. Progressively lower 
or higher flows of TRIO at increments of 10 mL/min 
were used for 10 min until the TRIO O, flow was 
determined at which the pulse oximeter Sao, would 
decrease below 90% and Pao, when analyzed, 
would be near 50 mm Hg. The animal was ventilated 
back to baseline Paco, and 30 min of TRIO begun 
with O, flows 10 mL/min higher than those that 
produced Sao, less than 90%. Measurements and 
blood samples were taken and recorded every 10 
min. At the end of 30 min, provided Pao, was greater 
than 50 mm Hg, this flow was defined as V,,;,. The 
animal was then ventilated with CMV to restore 
baseline values of Paco. In six of the dogs the 
duration of ventilation at Vmin was established by 
continuing TRIO after 30 min. Full sets of measure- 
ments were made every 15 min for a further 30 min 
and then every 30 min thereafter. Tracheal insuf- 
flation of O, was stopped when a precipitous de- 
crease in Part or Sao, was observed; CMV was then 
reinstituted for 30-60 min before the dog was termi- 
nated. 

In six of the dogs, we also determined the effects of 
increasing gas mixing by superimposing high- 
frequency oscillations (HFSO) on TRIO at Vmin: A 
triple-lumen catheter (7.5F) was positioned using 
fiberoptic bronchoscopy sc that the three lumina 
were in a subsegmental bronchus (site 1), segmental 
bronchus (site 2), and mainstem bronchus (site 3). 
One lumen at the tip of the Hi-Lo jet tracheal tube 


686 ANESTH ANALG 
1990;71:684-90 


Table 1. Characteristics and Some Variables Studied in the Nine Dogs 


Rate of increase of 
Paco, during 30-min 


Wt ane Vmin TRIO 
Dog No. (kg) (mL O,/min) (mm Hg Paco,/min) 
1 12 100 9.8 
2 12 100 3.9 
3 12 80 3.2 
4 10 80 3.7 
5 10 , 80 33 
6 20 125 3.6 
7 13 100 4.2 
8 8 80 5.7 
9 9 80 4.5 
Mean + SE 221 9145 4.7 + 0.7 


MACKENZIE ET AL. 
Duration of Minimum Pao, 
Vain TRIO mm Hg during Vinin TRIO Vain TRIO + 
(min) (mm Hg) HFSO 
30 64 No 
60 61 Yes 
140 75 Yes 
130 125 Yes 
30 99 Yes 
45 52 Yes 
30 58 Yes 
90 111 No 
120 147 No 
97.5" 88 + 11 


Vmin Minimum flow of tracheal insufflation of oxygen (TRIO); Paco, arterial carbon dioxide pressure; Pao, arterial oxygen pressure; HFSO, 


high-frequency oscillations. 
“In those animals given Vmin TRIO for more than 30 min. 


Table 2. Mean + sz of Cardiorespiratory Variables in Nine Dogs Given Vain TRIO for 30 min 


Time of measurement 


Variable Baseline 10 min 20 min 30 min 
HR (beats/min) 171 + 9.2 129 + 11.7 140 + 12.9 143 + 12.4 
Part (mm Hg) 137 + 6.4 128 + 6.7 143 + 6.6 148 + 6.9 
Ppa (mm Hg) 17 + 0.7 202515 26 + 1.0 28 + 1.9° 
Pao, (mm Hg) 103 + 2.1 94 + 8.3 96 + 9.6 89 + 9.1 
P¥o, (mm Hg) 50+ 1.3 63 + 3.5 70 + 4.5 68 + 5.2 
pHa 7.3 + 0.01 7.0 + 0.01" 6.9 + 0.01” 6.8 + 0.017% 
pHv 7.3 + 0.01 7.0 + 0.01 6.9 + 0.017” 6.9 + 0.01%" 
Paco, (mm Hg) 35 + 1.1 104 + 7.94 140 + 13.67 172 + 20.8*” 
P¥co, (mm Hg) 40 + 1.6 94 + 7.54 128 + 10.874 153 + 15.174 
CI (L-min™ t-m’) 3.5 + 0.2 44+ 0.4 4.6 + 0.3" 4.6 + 0.4 
Vo, (mL/min) 71 + 2.9 75 + 3.4 70 + 2.2 67 + 1.8 


HR, heart rate; Part, systemic arterial pressure; Ppa, pulmonary artery pressure; Pay, arterial O, tension; Pvoz, venous O; tension; pHa, arterial pH; pHv, 
venous pH; Paco, arterial CO, tension; P¥co,, venous CO, tension; CI, cardiac index; Vo, O, consumption. 


“P < 0.05, compared with baseline. 

’P < 0.05, compared with 10-min data. 

€P < 0.05, compared with 20-min data. 

4P < 0.05, compared with arterial value at the same time. 


sampled gas 5 cm above the carina (site 4). A piston 
pump driven by a linear motor was used to superim- 
pose oscillations (60 mL at 16.3Hz) onto Vmin TRIO. 
This technique differed from high-frequency jet ven- 
tilation and high-frequency oscillation in that the 
mean fresh gas flow was equal to Vmin. Arterial and 
mixed venous blood gases and airway gas samples 
from sites 1-4 were taken after 5 and 10 min of TRIO 


at Vmin: Baseline Paco, was then reestablished with _ 


CMV, and the measurements were repeated with 
HFSO. Mass spectrometer sampling time at each of 
the airway sites was 10 s with 10-s intervals between 
sampling sites 1-4. Statistical analysis used the paired 
and unpaired t-test with Bonferroni correction. P < 
0.05 was considered as significant. 


Results 


The minimum flow for 30-min TRIO was established 
as 91 + 5 mL/min (mean + sE) and was roughly 
correlated with body weight (Table 1). The larger 
animals generally required higher Vmin: Oxygen con- 
sumption (Vo,) of about 70 mL/min, calculated as the 


_ product of the arteriovenous O, content difference 


and Qt, was unchanged during Vinin TRÍO. Table 2 
gives cardiorespiratory and Vo, values for the nine 
animals given TRIO for 30 min. Arterial O, tension 
was unchanged from baseline values measured on 
room air CMV, but Ppa increased and there was 
pronounced CO, retention and progressive respira- 
tory acidosis. Cardiac index increased compared to 
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baseline values during the 30-mini Vmin TRIO. The 
average duration of V min TRIO in the six dogs where 
it was extended beyond 30 min was 97 min with a 
range of 45-140 min. Airway pressure was 0 cm H,O, 
and Pes remained constant between 0 and -3 cm 
H,O throughout TRIO, verifying the lack of respira- 
tory efforts. Blood gas tensions, intravascular pres- 
sures, cardiac index, and heart rate are plotted in 
Figures 1 and 2 for these six dogs. In three dogs at 
90, 130, and 140 min, respectively, systolic Part 
decreased. below 80 mm Hg and the study was 
stopped. In three other animals Vmin TRIO was 
stopped at 60 and 120 min with Part, Ppa, and Qt 
essentially unchanged from baseline, although Pao, 
progressively decreased (Figure r. 

In four of the six animals given V min TRIO for more 
than 30 min, a return to room air CMV for 30-60 min 
restored baseline blood pressures and arterial CO,, 
and returned pH and Qt to near baseline values. In 
one other animal after 130 min Vmin TRIO, systolic 
Part decreased to 35 mm Hg on institution of CMV 


(mmHg) 


and the hypotension was reversed with 50 MEq . 
NaHCO;. In the sixth animal after 90-min V min TRIO, 
systolic Part was restored by CMV but Òt remained 
low at 0.8 L/min compared to a baseline. value of 1.8 
L/min. No supplementary O, was given during 
CMV, and no inotropic support was used in any of 
the animals in this study. 

Addition of HFSO to TRIO decreased O, (Table 3) 
and lowered (P < 0.05) the concentrations of O, at all 
four sampling sites after 5 min (Figure 3). At sites 14 
there were increases in N, concentration (P < 0.05) at 
5 min with the addition of HFSO: Arterial and airway 
CO, at sites 1-3 decreased (P < 0.05) with HFSO at 
both time points (Table 3 and Figure 3). The 10-min 
data with addition of HFSO were similar to the 5-min 
data. During TRIO. without HFSO, O, concentration 
at 5 min was greater at sites 2 and 3 than at site 4. This 
difference was lost with addition of HFSO. Similarly, 
the differences in CO, concentrations among the 
various sites present during TRIO were disrupted by 
addition of HFSO at both time points. Oxygen and 
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Table 3. Arterial Blood Oxygen (Pao) and Carbon 
Dioxide (Paco,) After 5 and 10 min of TRIO or TRIO + 
HFSO in Six Dogs 


5 min 10 min 
TRIO + TRIO + 
TRIO HFSO TRIO HFSO 
Pao, 75+5.2 3943.07 77469 35+ 3.8" 
(mm Hg) 
Paco, 8045.2 6343.0" 101+6.0° 744.8%? 
(mm Hg) 


TRIO, tracheal insufflation of oxygen; HFSO, high-frequency superim- 
posed oscillation. 

*P < 0.01 compared with TRIO value. 

èp < 0.005 compared with 5-min value. 


CO, removed from the airways with use of HFSO 
were replaced with N, found in similar quantities at 
each airway sampling site. 


Discussion 


Tracheal insufflation of O, at Vmin is a physiological 
model of respiration where oxygenation is adequate 
but CO, excretion is extremely limited. In the first 10 
min of Vmin TRIO, Paco, increased rapidly from 
about 40 to 100 mm Hg, and then increased further to 
about 170 mm Hg in the next 20 min. As in human 
studies where CO, tension increased to this level, 
dysrhythmias rarely occurred (4). Among the dys- 
rhythmias that occurred within this study none pro- 
duced hemodynamic changes or persisted and re- 
quired interventions to correct. We observed that in 
all nine dogs, arterial CO, tensions were consistently 
higher than venous tensions in all measurements 
made after starting TRIO (Table 2). We attribute this 
to the Haldane effect: O-poor blood transiting the 
lung can release very little CO, during Vmin TRIO, 
and arterial CO, content is near venous levels. Con- 
sequently, the reduction of CO, binding that occurs 
when the blood is oxygenated in the lungs results in 
a greater Paco, for a given CO, content. 

However, our results show that as TRIO pro- 
gressed significant CO, excretion occurred during 
Vmin TRIO (Figure 1). Slutsky et al. (1) presented an 
equation for prediction of alveolar ventilation for a 
given rate of increase in CO, during TRIO. If we 
modify the equation to account for the lower body 
weight of our dogs, it predicts an alveolar ventilation 
of about 500 mL/min for the 2.4 mm Hg/min increase 
we observed in Paco, between 10 and 60 min of 
TRIO. That this prediction grossly overestimates the 
flow actually delivered (91 mL/min) indicates that 
other mechanisms of CO, excretion were probably 
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Figure 3. O,, CO, and N, concentrations (%) simultaneously 
sampled from sites 1—4 (see text) with TRIO and TRIO + HFSO. 


working. One factor may be the increase in gas 
mixing due to cardiogenic oscillations, because these 
are especially important as a gas-mixing mechanism 
during conditions of extreme hypoventilation (6,7). 
Another factor may be the large increase (about 
sevenfold after 1 h) in the diffusicn gradient for CO, 
from the alveoli to the mouth. 

Oxygenation with TRIO occurs because a high 
concentration of O, is established in the peripheral 
airways, facilitated by fresh gas flow entry within 
1 cm of the carina. In the course cf determining V nin 
several factors were noted to reduce the efficacy of 


LOW-FLOW TRACHEAL INSUFFLATION OF OXYGEN 


TRIO. Arterial O, saturation decreased during TRIO 
if neuromuscular blockade with pancuronium was 
insufficient, and slight respiratory efforts were noted 
by monitoring Pes. The decrease in Sao, was re- 
versed when additional pancuronium was given. 
Continuous mass spectrometer sampling (190 mL/ 
min) was avoided during prolonged Vmin TRIO be- 
cause it caused arterial O, desaturation. We postulate 
the same mechanism for these decreases in Sao, 
during TRIO as for HFSO. All produce enhanced gas 
mixing. During HFSO, the O, supply oscillates and 
causes ambient gas, with a lower O, concentration 
from the upper airways, to dilute the O, gradient 
established between the carina and the alveoli. As a 
result, additional N, dilutes the O, concentration in 
the peripheral airways so that alveolar O, and ulti- 
mately Pao, is lowered. The limitation to the duration 
of TRIO, when not caused by hypoxemia, appeared 
to be due to cardiovascular depression secondary to 
hypercarbia and acidosis (1). 


Clinical Application of Results 


The use of TRIO for ventilation of patients involved 
in mass casualties has been advocated (5). The advan- 
tages of TRIO over a self-inflating bag or other 
ventilatory techniques are that only very simple 
equipment is needed and one rescuer can rapidly 
service many subjects. A cricothyroidotomy could be 
performed, the TRIO catheter positioned through the 
cricothyroidotomy cannula, and gas supplies con- 
nected expeditiously. The simplicity of the technique 
would enable ventilation to be achieved in situations 
where there is limited access for other equipment. No 
further ventilatory interventions would be required 
while the gas supplies last. The results from the 
present study show that TRIO may be useful for mass 
casualties, and we have demonstrated that the O, 
supply required by a given casualty could be rela- 
tively small, especially for short ventilatory mainte- 
nance periods. The observation that extremely low 
O, flows may be compatible with survival is a very 
important factor to consider in emergency field situ- 
ations, because O, supplies are likely to be limited. 
The lower the flow the longer will be the possible 
period of ventilatory support and survival from a 
given O, supply. Because we found that increased 
mixing decreases oxygenation during low-flow TRIO, 
we do not think low-flow TRIO would be efficacious 
in the field situation unless there was no attempt at 

spontaneous breathing. If spontaneous breathing oc- 
curred, higher TRIO flows than Vmin would be re- 
quired to prevent contamination of alveolar O, with 
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air. This higher flow technique is reported to be 
beneficial (8). 

In the present experiments, we tested Vmin TRIO 
under optimal conditions: the dogs had healthy lungs 
and were paralyzed, and the TRIO catheter was 
placed through the larynx and its position checked 
with bronchoscopy. Before this prototype V min TRIO 
technique could be considered for field and emer- 
gency use, however, several considerations need to 
be evaluated. The efficacy of gas exchange during 
Vmin TRIO in animals with lung injuries and compli- 
cations, such as pulmonary edema, secretions, partial 
airway obstruction, and ventilation-perfusion mis- 
match, or when the TRIO catheter is not precisely 
positioned, still needs to be determined. In addition, 
if considered for use in humans Vmin would be 
greater because human O, consumption is higher 
and functional residual capacity and physiological 
dead space are greater than in anesthetized dogs. 

The circumstances in which we believe Vmin TRIO 
may be beneficial include inability to ventilate with a 
resuscitator bag and mask used with oral or nasopha- 
ryngeal airways combined with failure of conven- 
tional tracheal intubation. A TRIO catheter may then 
be passed either translaryngeally or through a crico- 
thyroidotomy cannula. If partial laryngeal obstruc- 
tion is present, passage of a 1.5-mm internal diameter 
catheter may be possible when conventional tracheal 
tube insertion is technically impossible. Our present 
results show that oxygenation may be delivered at 
low flows that would not cause excessive intrapulmo- 
nary pressures if airway resistance were particularly 
high or flow of expired gases were limited by secre- 
tions. This technique should therefore be included | 
among the management strategies for failed intuba- 
tion in the apneic patient with a previously unrecog- 
nized difficult or partially obstructed airway. 

In conclusion, TRIO at very low flows of 91 + 5 
mL/min can sustain life in apneic dogs for more than 
2 h without denitrogenation or preoxygenation. 
However, cardiovascular depression gradually oc- 
curs, apparently due to high Paco, and acidosis. The 
principle that oxygenation is impaired with increased 
gas mixing during TRIO at low flow limits the clinical 
usefulness of the low-flow TRIO technique to situa- 
tions of complete apnea. 


References 


1. Slutsky AS, Watson J, Leith DE, et al. Tracheal insufflation of O, 
(TRIO) at low flow rates sustains life for several hours. Anes- 
thesiology 1985;63:278-86. 


2. Holmdahl MH. Pulmonary uptake of oxygen, acid-base metab- 


690 ANESTH ANALG 


1990;71:684—90 


olism, and circulation during prolonged apnoea. Acta Chir 
Scand 1956;212(Suppl):33-9. 


. Draper WB, Whitehead RW. Diffusion respiration in the dog 
anesthetized by pentothal sodium. Anesthesiology 1944;5:262- 
73. 


. Frumin MJ, Epstein RM, Cohen G. Apneic oxygenation in man. 
Anesthesiology 1959;20:789-98. 


. Slutsky AS. Non conventional methods of ventilation. Am Rev 
Respir Dis 1988;138:175-83. 


MACKENZIE ET AL. 


6. Burwen DR, Watson J, Brown R, et al. Effect of cardiogenic 


oscillations on gas mixing during tracheal insufflation of oxy- 
gen. J Appl Physiol 1986;60:965-71. 


. Miura S, Takahashi H, Shioya T, et al. Efect of cardiogenic gas 


mixing on alveolar arterial difference during hypoventilation. 
Am Rev Respir Dis 1988;137:270. 


. Long SE, Menon AS, Kato H, et al. Constant oxygen insufflation 


(COI) in a ventilatory failure model. Am Rev Respir Dis 1988; 
138:630-5. 


ANESTH ANALG 691 
1990;71:691—7 


Emergency Tracheal Intubation in the Postanesthesia Care Unit: 
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Inadequate airway maintenance has been a major factor in 
perioperative morbidity. To determine the incidence and 
etiology of emergency tracheal intubations in the postanes- 
thesia care unit (PACU), we retrospectively reviewed 
13,593 consecutive admissions to cur PACU from October 
1986 through October 1988. Twenty-six patients (26/ 
13,593 = 0.19%) required the insertion of an endotracheal 
tube while in the PACU. Seventy-seven percent (20/26) of 
the intubations occurred within 1 h of extubation and/or 
admission to the PACU. Intubaticn was more common at 
the extremes of age; 54% of those intubated were more than 
60 yr old (P = 0.003); 19% were less than 3 yr old (P < 
0.05). Twenty-three percent of the intubated patients had 
undergone otolaryngologic procedures (P = 0.008). Inter- 


Inadequate airway maintenance has been a major 
factor in perioperative morbidity (1). Residual anes- 
thetic effects and anatomic distortions secondary to 
surgery, as well as exacerbations of a patient’s under- 
lying illnesses, can all affect the management of a 
patient’s airway in the postanesthesia care unit 
(PACU). Ventilatory impairment so severe as to re- 
quire tracheal intubation is clearly a life-threatening 
complication (2). Therefore, we retrospectively re- 
viewed the records of patients admitted to our PACU 
(n = 13,593 patients) over a period of 25 mo from 
October 1986 through October 1988 to determine the 
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estingly, 73% of the intubations occurred during the 
months of January through June (P = 0.016). Median 
PACU admission scores were lower for the intubated group 
(P < 0.001). There was no association between intubation 
and gender (P = 0.74), anesthetic technique (P = 0.41), or 
anesthetic agent (P = 0.49). Of the 26 intubations, 18 
(69%) were considered to be directly related to anesthetic 
management. Despite the extremely low incidence of emer- 
gency tracheal intubation in a heterogeneous group of 
patients admitted to our PACU, preventable anesthesia- 
related etiologic factors including excessive sedative or 
anesthetic effect, inappropriate fluid management, persist- 
ent muscle relaxant effect, and upper airway obstruction 
contributed to the majority of these intubations. 


Key Words: COMPLICATIONS, POSTOPERATIVE— 
reintubation. INTUBATION, TRACHEAL— 
postoperative. 


incidence and etiology of all the emergency intuba- 
tions occurring in the immediate recovery period. 


Methods 


Subsequent to approval from the Human Investiga- 
tion Committee of the Yale University School of 
Medicine, data from all patients admitted to our 
postanesthesia care unit from October 1986 through 
October 1988 that had been entered in a computer- 
ized database were analyzed (3). Patients from all 
surgical services except obstetrics, cardiac, ambula- 
tory surgery, and ophthalmology were admitted to 
this PACU. Patients admitted directly to an intensive 
care unit were not included in the database. The data 
sheets used to compile the database consisted of two 
parts. The first listed premedications, if any, defined 
intraoperative complications, and was completed 
upon admission to the PACU by the anesthesiologist 
involved in the patient’s intraoperative care. The 
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Figure 1. Age distribution of pa- 
tients intubated in the PACU in com- 
parison with the entire PACU popu- 
lation. The highest incidence of 
intubation while the patient was in 
the PACU was in the 0-3-yr and the 
more than 60-yr age groups. 
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second part was completed by the PACU nurses 
before discharge from the PACU and contained in- 
formation on the patient’s course in the PACU in- 
cluding admission scores—an evaluation based on 
color (3/9), consciousness (3/9), and respiration (3/9), 
and yielding a total possible score of 9. In addition, 
body temperature, hemodynamic stability, need for 
respiratory support, altered mental status, and med- 
ications administered were documented. Emergency 
intubation, in our study, was defined as the insertion 
of an endotracheal tube for airway support while the 
patient was in the PACU regardless of whether or not 
the patient had been intubated while in the operating 
room. For all patients identified as requiring endotra- 
cheal intubation in the PACU, the complete hospital 
chart and detailed anesthesia and recovery records 
were reviewed for information concerning the pa- 
tient’s preoperative, intraoperative, and postopera- 
tive course. We also reviewed the notes of physicians 
present at the time of intubation as well as incident 
reports that may have been filed but were not part of 
the formal hospital records. If multiple etiologic fac- 
tors for intubation were present, these notes and 
incident reports were used to determine the predom- 
inant reason for intubation. Statistical analysis was 
performed using x (age > 60 yr, gender, anesthetic 





10-20 20-40 40-60 > 


agent, time of year), Fisher’s exact test (anesthetic 
technique, surgical service, age < 3 yr, ASA physical 
status classification), and the Wilcoxon rank-sum test 
(median PACU admission scores); P < 0.05 was 
considered to be significant. 


Results 


From October 1986 through October 1988 there were 
13,593 consecutive admissions to the PACU. Airway 
support with an endotracheal tube, pharyngeal air- 
way, nasal airway, manual jaw lift, or verbal support 
was necessary in 8.5% (1161/13,593) of patients. 
Twenty-six patients (26/13,593 = 0.19%) required the 
insertion of an endotracheal tube while in the PACU. 
Two patients (2/26) had received a regional (spinal, 
epidural) technique in the operating room that did 
not require endotracheal intubation. Clinical criteria 
including apnea, tachypnea, cyanosis, and increased 
work of breathing were used by the physicians in the 
PACU to evaluate the need for intubation. However, 
in 15 patients (15/26 = 58%), objective data in the 
form of inadequate arterial blood gasses or an oxygen 
saturation measurement of less than 90% on supple- 
mental oxygen therapy were used to aid in the 
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decision to intubate. The distribution of patients 
according to age, ASA physical status classification, 
length of surgery, and time to intubation while they 
were in the PACU are shown in Figures 1—4. Of the 26 
intubations, 18 (69%) were considered by retrospec- 
tive review to be directly related to anesthetic man- 
agement (Table 1). The seven cases of intubation 
secondary to airway obstruction due to head and 
neck pathology were 0.7% (7/951) of the otolaryn- 
gologic patients admitted to the PACU in the period 
reviewed. Of these seven patients (n = 7), two bled at 
the operative site, three sustained postoperative la- 
ryngeal edema, one sustained airway obstruction 
secondary to a large goiter, and one had pulmonary 
edema after tonsillectomy for marked upper airway 
obstruction. Of the six patients with inappropriate 
fluid management, five presented with pulmonary 
edema. In contrast, the sixth patient had a primary 
circulatory arrest (hypovolemia) leading to a respira- 
tory arrest in the setting of preoperative volume 
depletion, intraoperative blood loss, a spinal anes- 
thetic-induced vasodilation, and inadequate fluid re- 
placement. All six patients with excessive sedative or 
anesthetic effect demonstrated impaired ventilation 
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upon admission to the PACU, with findings ranging 
from apnea resulting in treatment with naloxone (3/6) 
to elevated Paco, on arterial blood gas analysis (2/6). 
All three of the patients who had persistent muscle 
relaxant effects were initially treated in the PACU 
with additional anticholinesterase drugs. Of these 
three patients, one had an infiltrated intravenous 
catheter that probably resulted in delayed subcutane- 
ous absorption of pancuronium; the other two had 
inadequate reversal demonstrated by a neuromuscu- 
lar blockade monitor while in the PACU. Finally, one 
patient met no clear clinical or objective criteria for 
intubation and was considered to have probably been 
intubated unnecessarily due to hasty action on the 
part of the PACU team. There were no significant 
associations between intubation and gender (P = 
0.74), anesthetic technique (P = 0.41), or anesthetic 
agent (P = 0.49). There was, however, an association 
between age and intubation (P = 0.004). Fifty-four 
percent (14/26) of the intubations occurred in patients 
more than 60 yr of age, whereas only 28% of those 
not intubated were older than 60 (P = 0.003). Simi- 
larly, 19% (5/26) of the intubations occurred in the 
0-3-yr age group; only 8% of those not intubated 
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were in this age group (P < 0.05). The proportion of 
intubated patients who had otolaryngologic opera- 
tions (23%) was three times that of the nonintubated 
patients (7%) (P = 0.008). The median PACU admis- 
sion score for the intubated group was 5.0 (range, 
0-9) in comparison with a median of 7.0 (range, 0-9) 
for the nonintubated group (P < 0.001). Furthermore, 
73% (19/26) of the intubations occurred during the 
months of January through June, whereas only 49% 
of those not intubated were admitted to the PACU 
during the same period (P = 0.016). All 26 patients 
were eventually discharged from the hospital without 
sequelae of these events. 


Discussion 


Recovery from the residual effects of anesthesia has 
been associated with substantial risk. Inadequate 
airway maintenance in particular has contributed 
significantly to this perioperative morbidity. The 1947 
report from the Anesthesia Study Commission of the 
Philadelphia County Medical Society after 11 yr of 
study was among the earliest to focus on mortality 
secondary to anesthesia. In that report, of 307 deaths 
within 24 h of anesthesia 47% were judged to have 
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Figure 3. Distribution of patients ac- 
cording to length of surgery. Eighteen 
of the 26 patients (69%) underwent sur- 
gical procedures lasting less than 3 h. 
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been preventable. The need for postanesthesia recov- 
ery units was emphasized by the fact that inadequate 
nursing care along with postoperative respiratory 
obstruction accounted for 65% of the preventable 
deaths (4). In a 10-yr survey of death attributable to 
anesthesia published in 1978, Harrison reported that 
complications of tracheal intubation and respiratory 
inadequacy after neuromuscular blockade were alone 
responsible for 36% of deaths occurring within 24 h of 
anesthesia (1). In 1980, expansion of the concept of 
operative mortality to include deaths occurring well 
beyond the first 24 postoperative hours revealed that 
respiratory insufficiency accounted for 22% of the 
deaths to which anesthesia contributed primarily; 
insufficient fluid balance, cardiac dysfunction, and 
aspiration accounted for 51% (5). 

These early surveys focused on mortality; subse- 
quent efforts have been aimed at understanding the 
nature of the nonfatal but often equally life- 
threatening anesthesia-related complications (3,6— 
11). Improvements in postanesthesia care ranging 
from increased physician awareness and the intro- 
duction of skilled nursing personnel to advances in 
monitoring and establishment of quality assurance 
programs have occurred since the early days of a 
PACU. The effects of pulse oximetry and information 
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Table 1. Emergency Intubation in the Postanesthesia 
Care Unit*” 


Predominant reason for intubation‘ n 








Airway obstruction related to head and neck 

pathology 

Bleeding at the surgical site 2 

Tracheal compression from a goiter” jÀ 

Unexpected laryngeal edema 2 

Laryngeal edema from prolonged upper airway 1 

surgery“ 

Posttonsillectomy pulmonary edema 
Excessive sedation or anesthetic agent“ 
Inappropriate fluid management’ 

Persistent muscle relaxant effect“ 
Miscellaneous (sepsis, transfusion reaction, 
bronchospasm, inappropriate intubation“) 


= Q OD OD 





“n = 13,593 consecutive patients. 

"Intubation rate = 0.19%. 

“Total number of patients intubated = 26. 

“Intubation as a consequence of anesthetic management. 


feedback on PACU care have also recently been 
studied (12). Despite these advances, the PACU 
remains a patient care area associated with a signifi- 
cant morbidity rate, with an overall complication rate 
ranging from 17% to 30% (3,8). 

The incidence of emergency intubation in this 
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large series (0.19%) is similar to that in other reports 
(8,13). Previous studies, rowever, have been limited 
in size (n = 443) (8) or have discussed intubations in 
the PACU only as they related to an increased inci- 
dence after specific otolaryngologic procedures 
(panendoscopy, laryngeal biopsy) (13). The etiology 
of all tracheal intubations in the PACU and the 
relationship of these intubations to intraoperative 
anesthetic management have never been addressed. 
In our study, although there was no relationship 
between intubation and gender, anesthetic tech- 
nique, or anesthetic agent, it is of interest that 14 of 
the 26 intubations (54%) occurred in those more than 
60 yr of age. Also of ncte, 12 patients (46%) were 
classified as ASA physical status I or II, and an 
additional 12 (46%) were classified as ASA physical 
status III. Eight of these patients underwent emer- 
gent surgery. Similar patterns with regard to mortal- 
ity and age, ASA classification, or emergent nature of 
surgery have been reported earlier (1,5). Contrary to 
what we had expected, 18 intubations (69%) occurred 
in surgical procedures lasting less than 3 h, and, in 
contrast to earlier reports, we were unable to corre- 
late the occurrence of intubations with the level of 
training achieved by the anesthesiologist (14). Seventy- 
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three percent of the intubations, in fact, occurred 
during the months of January through June (the 
second half of the academic year) perhaps reflecting 
greater resident independence and/or less resident 
supervision. Twenty intubations (77%) occurred 
within 1 h of admission to the PACU and/or extuba- 
tion—a point in time when maximal subglottic pres- 
sure and laryngeal edema postextubation is said to 
occur (15). 

Although the patients requiring intubation in the 

PACU were a very small fraction of the total number 
of patients admitted, we believe that they demon- 
strate examples of error in judgment by the care 
team. It is clear that the nine (9/26) patients with 
persistent sedative and muscle relaxant effects as well 
as the patient who was unnecessarily intubated are 
examples of errors in management. Although it is 
true that the immediate recovery period is when the 
residual effects of anesthetics are known to persist, 
the vast majority of the PACU population are not so 
severely compromised as to require tracheal intuba- 
tion. The 8.3% incidence of airway support using 
means other than an endotracheal tube perhaps por- 
trays the residual effects of anesthetic agents associ- 
ated with lesser degrees of airway compromise. The 
fact that seven of the nine patients who required 
intubation because of persistent sedative and muscle 
relaxant effects were intubated within 35 min of 
admission to the PACU, and the fact that this group 
had a lower median PACU admission score, leads us 
to ask whether they should have been transported to 
the PACU without first establishing ventilatory ade- 
quacy. 
The five (5/26) patients with pulmonary edema 
must also be regarded as having excessive fluid 
replacement along with an erroneous estimation of 
cardiac reserve or coexisting illness. Similar to 
Cooperman’s earlier finding, 60% (3/5) of the in- 
stances of pulmonary edema in our series occurred 
within 1 h of termination of anesthesia (16). Of these 
five instances, two were clearly due to overinfusion 
of fluids. The remaining three instances reflected 
relative overinfusions combined with underestima- 
tion of coexisting cardiac or renal disease and changes 
such as termination of positive pressure ventilation 
plus the occurrence of hypertension and tachycardia 
associated with pain at cessation of general anesthe- 
sia. Although the role of coexisting disease is difficult 
to define in any intraoperative or postoperative com- 
plication, our review revealed that it is primarily 
failure to appreciate the extent of coexisting disease 
that resulted in increased patient morbidity. Simi- 
larly, the one patient who was volume-depleted 
reflected a gross underestimation of fluid balance. 


MATHEW ET AL. 


Among the seven patients with upper airway 
obstruction related to head and neck pathology was 
one in whom the extent of a goiter was unappreciated 
by the anesthesia care team. The patient in whom 
postoperative laryngeal edema should have been 
anticipated based on the nature of the surgery, along 
with the two patients with bleeding at the operative 
site, reflect errors in management as well. This group 
of seven patients serves to illustrate the well-known 
fact that increased airway manipulation leads to an 
increased incidence of reintubation. Hill has demon- 
strated that patients undergoing laryngoscopy (1.2%) 
and panendoscopy (3%) have significantly higher 
rates of postoperative tracheal intubation. In his 
series, 92% of the patients intubated underwent a 
laryngeal biopsy (13). 

In conclusion, physical status of the patient and 
the judgment and skill of the physician have often 
been viewed as the prime determinants of operative 
mortality (17). Although this study may be limited by 
its retrospective nature and by the fact that many 
individuals were reporting the data, it does reveal 
that despite an extremely low incidence of emergency 
intubation in a heterogeneous group of patients ad- 
mitted to the PACU, preventable anesthesia and 
surgical complications accounted for 77% (20/26) of 
the intubations. 


The authors are grateful to Gail Watrous, RN, and the nurses of the 
PACU for their help with this study. 
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Clinical Reports 


Clinical and Radiologic Evidence of the Epidural Plica 


Mediana Dorsalis 


L. Gallart, MD, D. Blanco, MD, E. Samsó, MD, and F. Vidal, MD 
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EPIDURAL—dorsal midline band. ANATOMY, 
EPIDURAL SPACE—dorsal midline band. 


The presence of a connective tissue band that divides 
the epidural space at the dorsal midline is widely 
accepted (1-5). Its clinical relevance is related to an 
increase in the incidence of dural puncture and the 
possibility of unilateral analgesia, as well as to greater 
difficulty in introducing an epidural catheter. In the 
present paper we report a case in which dural punc- 
ture and unilateral analgesia, together with radiologic 
imaging, strongly suggested the presence of this 
midline band. 


Case Report 


The patient was a 64-yr-old ASA physical status I 
woman who weighed 75 kg, was 1.55 m tall, and was 
scheduled for release of knee joint adhesions after a 
left total knee replacement performed 2 mo before. 
Epidural analgesia with local anesthetics was decided 
as the technique of choice. With the patient in the 
sitting position, a medial approach, attempted at the 
L3-L4 space with a 18-gauge Tuohy needle using the 
air loss-of-resistance technique, resulted in a dural 
puncture. An attempt to identify the epidural space 
at an upper interspinous space with the same tech- 
nique produced another dural tap. At this time, the 
presence of the plica mediana dorsalis was suspected, 
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and a paramedian approach at the left side of the 
spine was performed to avoid this structure. A cath- 
eter was then introduced without difficulty, leaving 
the 10-cm mark at skin, so that 3-5 cm of the catheter 
was in the epidural space. The administration of 
15 mL of 2% mepivacaine in fractionated doses 
through the epidural catheter resulted in excellent 
but unilateral anesthesia of the right leg. A second 
epidural catheter was then placed, using again a left 
paramedian approach, and the injection of 10 mL of 
2% mepivacaine produced a motor and sensory block 
of the left lower extremity. When the blockade was 
reversed, a new dose of 10 mL of the same anesthetic 
administered through the second epidural catheter 
resulted in left unilateral analgesia. 

An x-ray showed the two catheters correctly 
placed at the epidural space (Figure 1). Radiologic 
contrast (Iohexol) introduced through the first cathe- 
ter resulted in an “unilateral peridurography” of the 
right side (Figure 2), and the peridurogram was 
completed after introducing contrast material in the 
second catheter (Figure 3). 

In the postoperative period (10-22 h after insertion 
of the catheters), the patient developed a mild frontal 
headache that improved with minor analgesics and 
hydration. 


Discussion 


We persisted in inducing epidural anesthesia in this 
patient despite two dural punctures because we think 
that this is the most safe and comfortable way to 
provide anesthesia two or three times daily over 
several days of painful rehabilitative knee exercises 
postoperatively. 

The dorsomedian connective tissue band or plica 
mediana dorsalis (PMD) was first demonstrated with 
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Figure 1. Anterior-posterior x-ray showing both lumbar epidural 
catheters filled with contrast. The larger arrows show the tip of the 
catheters. 


epidurography (1) and later during necropsy (2,3), 
with epiduroscopy (4) and by computed tomography 
scan (5). There is no clear agreement regarding its 
incidence and structural characteristics, probably due 
to the differences in techniques used to study it and 
to the fact that the epidural space can be modified 
when liquid or air are introduced or when enough 
cerebrospinal fluid is removed to collapse the dura 
mater (3,6). 

The reported frequency of occurrence of the PMD 
ranges between a few cases reported radiologically or 
at necropsy (1-3,7) and a 100% incidence in the 
studies with epiduroscopy (4) and contrast computed 
tomography scan (5). The PMD binds dura mater and 
flaval ligament at the dorsal midline; it favors dural 
puncture because (a) it narrows the epidural space at 
the midline; (b) it decreases the displacement of the 
dura when this is pushed by the needle; and (c) it 
binds the dura to the flaval ligament, making it 
difficult to feel the loss of resistance. Because this 
band narrows the epidural space at the midline, it has 
also been suggested that a catheter can be more easily 
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Figure 2. Epidurography obtained with contrast material intro- 
duction through the first catheter, showing unilateral distribution 
of contrast material. 


introduced with a paramedian approach than when 
the midline is used (8,9). The PMD probably acts as a 
sagittal barrier for diffusion of the local anesthetics, 
favoring unilateral analgesia; this fact has been ob- 
served clinically and demonstrated with the injection 
in the epidural space of radiologic contrast materials 
(10) and resins (2). 

In the present report, the presence of the PMD was 
probably responsible for the repeated dural puncture 
and unilateral analgesia. The first left paramedial 
approach resulted in right unilateral anesthesia be- 
cause the needle probably crossed the midline, so 
that the tip would be at the right side of the PMD and 
this midline band would block the diffusion of the 
local anesthetic to the left side (Figure 4). However, 
other factors have to be excluded as the cause of 
unilateral analgesia (11-13), including 


1. The slow injection of a small volume of local 
anesthetic solution with the patient in the lateral 
position. 

The passage of the catheter into the paravertebral 
area, eliminated radiologically in our case. 


N 
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Figure 3. Epidurography obtained with contrast material intro- 
duced through both catheters, showing bilateral epidural distribu- 
tion of contrast material. 






3. Having the tip of the catheter positioned in the 
ventral epidural space. This explanation presumes 
that the ventral epidural space is divided by tra- 
beculae at the midline. If the catheter is placed in 
the ventral epidural space, this division would 
mean taat contralateral anesthesia could only be 
achieved with a retrograde spread of the anes- 
thetic around the circumference of the dura. These 
trabeculae are described by anatomists (14), but 
they have not been visualized in subsequent stud- 
ies (2,5). In our case, radiologic findings showed 
that the tip of the epidural catheters were not in 
the ventral epidural space. 

4. The catneter could be placed in the lateral epidural 
space (13), but again radiologic evidence ruled out 
this possibility in our case. 

5. The presence of acquired epidural adhesions due 
to previous surgery, blood patch, trauma, or neo- 
plasm. 


Thus the PMD could favor dural puncture and 
unilateral anesthesia. How can these problems be 
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Figure 4. Diagram of how a left paramedial approach can result in 
right unilateral anesthesia if there is a midline band. 1—ligamen- 
tum flavum; 2—dura mater; 3—plica mediara dorsalis; 4—epidural 
space. 


avoided? The paramedian approach has been sug- 
gested to prevent dural puncture (8,9) and would be 
the alternative technique if we presume the presence 
of the PMD. When unilateral analzesia is observed, 
and if this band is suspected, a paramedian approach 
could be indicated to place the needle tip at the side 
of the band ipsilateral to the nerves to be blocked. 

In summary, we present a case in which the 
presence of a PMD was suspected after a repeated 
dural puncture. Moreover, it was clinically mani- 
fested by unilateral analgesia and was further con- 
firmed radiologically. In our patient a paramedian 
approach was useful in preventing new dural punc- 
tures, as suggested in the literature. 

Although there are similar case reports of unilat- 
eral analgesia in the literature (15-17), we have found 
only one with radiologic confirmation that unilateral- 
ity was due to PMD (17) and none with the compli- 
cation of repeated dural puncture. 





We thank Professor Margarita M. Puig for her help in editing the 
manuscript. 
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Electrocautery-Induced Airway Fire During Tracheostomy 
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Although most of the recent attention regarding 
airway fires has focused on the intraoperative use of 
the laser, it is important to remember that electrocau- 
tery may also serve as a source of ignition during 
surgery involving the airway and/or oropharyngeal 
cavity. This subject is mentioned in only a handful of 
isolated reports in the recent literature (1-3). The 
following is, we believe, the first case report of an 
electrocautery-induced fire occurring during an elec- 
tive tracheostomy. 


Case Report 


The patient was a 33-yr-old woman with multiple 
medical problems including steroid-dependent ne- 
phritis, acute pancreatitis, and pneumonia compli- 
cated by the development of adult respiratory dis- 
tress syndrome. After 2 wk of mechanical ventilation 
through an endotracheal tube that would be neces- 
sary for an indefinite period, she was brought to the 
operating room for elective tracheostomy. 
Preoperative examination revealed an obese Cush- 
inoid woman, awake and able to follow commands. 
Pulse rate was 108 beats/min, blood pressure 170/90 
mm Hg, temperature 39°C, and respiratory rate 15 
breaths/min with an intermittent mandatory ventila- 
tion rate of 10 breaths/min. Breath sounds were clear, 
but distant and not easily auscultated because of the 
patient’s obesity and pulmonary abnormalities. Chest 
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x-ray before surgery revealed bilateral pleural effu- 
sions and right lower lobe infiltration. Blood gas 
tensions included a Paco, of 37 mm Hg, Pao, of 83 
mm Hg, and a pH of 7.40 during intermittent man- 
datory ventilation rate at a rate of 10 breaths/min with 
a tidal volume of 500 mL, positive end expiratory 
pressure of 10 cm H,O, and an Fio, of 40%. 

The patient was brought to the operating room, 
and anesthesia was induced with fentanyl and mida- 
zolam. Vecuronium was given for paralysis. Chest 
compliance was poor, and breath sounds remained 
diminished. The patient was given 100% oxygen with 
oxyhemoglobin saturation of 96%-98% by pulse oxi- 
metry. Blood gas tensions after induction were Pao, 
323 mm Hg, Paco, 33 mm Hg, and pH 7.40. The neck 
was cleansed with povidone iodine, surgical drapes 
were put in place, and surgery was started. After the 
neck incision was made, an electrocautery device was 
used to secure hemostasis. After approximately 15 
min, as the electrocautery device was being used, a 
loud pop was heard, followed by a fire in the surgical 
field. Moist towels were used to extinguish the 
flames, and the charred endotracheal tube was re- 
moved (Figures 1 and 2) and replaced with a #6.0 
Shiley tracheostomy tube. The patient’s vital signs 
remained stable throughout, including oxyhemoglo- 
bin saturation, which remained greater than 95% on 
the pulse oximeter. Flexible bronchoscopy and direct 
laryngoscopy revealed a thermal injury to the poste- 
rior midtrachea involving approximately a 3-cm area 
extending 50% around the tracheal circumference. 
The patient tolerated the remainder of the procedure 
well and was taken back to the intensive care unit in 
stable condition. Postoperatively, a chest x-ray 
showed a large right-sided pneumothorax. (In retro- 
spect the preoperative chest x-ray was also consistent 
with a pneumothorax, but only with a small one.) A 
chest tube was inserted and suction applied. The 
patient was followed closely over the next several 
weeks by both otolaryngologists and anesthesiolo- 
gists. Bronchoscopy, performed periodically during 
this time, revealed the posterior tracheal wall to be 
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Figure 1. Distal end of endotracheal tube depicting cuff and Mur- 
phy eye. 





Figure 2. Full view of charred endotracheal tube. 


healing without difficulty. Unfortunately, the patient 
continued with a long and protracted course, includ- 
ing development of hepatic failure and sepsis; she 
died 1 mo later. 

The primary cause of death, determined at au- 
topsy, was attributed to respiratory insufficiency as 
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evidenced by lung abscesses with consolidation and 
multiple pulmonary emboli. 


Discussion 


Electrocautery is frequently employed during surgical 
tracheostomy, specifically in the “cutting mode” for 
separation of tissues and in the “coagulation mode” 
for control of bleeding. When used in such a fashion, 
electrocautery completes the triad required for pro- 
duction of an intraoperative fire, namely (a) a source 
of ignition (the electrocautery device); (b) a combus- 
tible material (the endotracheal tube); and (c) an 
oxidizing agent (oxygen and/or nitrous oxide) (1,2,4). 
Surgical tracheostomy, however, is not considered a 
procedure at high risk for the development of a fire 
because, theoretically, these three components do 
not come into contact with one another. This case 
should put that myth to rest. We believe that, in this 
instance, the cuff on the endotracheal tube was 
accidently ruptured by the electrocautery device, 
exposing the current to an atmosphere of virtually 
100% oxygen, thereby leading to ignition of the 
endotracheal tube. 

Prophylactic measures to avoid fires have been 
recommended during tracheostomies and should be 
used to guard against the risk of fire during routine 
tracheostomy. For example, reduction of the concen- 
tration of the oxidizing agent can be accomplished by 
dilution of oxygen with nitrogen (air) and/or helium, 
both of which reduce combustibility (5-7). (Nitrous 
oxide on the other hand, enhances combustion.) 
Next, the source of the ignition must be considered. 
Comparison of combustibility and resulting tracheal 
damage from laser-ignited tubes has shown polyvinyl 
chloride tubes to be more susceptible to ignition and 
production of tracheal damage than wrapped red 
rubber tubes in nitrous oxide-oxygen mixtures (8). 
Whether or not this applies to electrocautery-induced 
fires is unknown. Based on the available information, 
however, Shapiro and E]-Baz state, “The use of NO 
and O, during anesthesia for intraoral, pharyngeal, 
or laryngotracheal procedures should be avoided 
completely in favor of air or air-oxygen mixture” (6). 
And finally, perhaps we should question the use of 
the electrocautery device at all for this type of proce- 
dure, i.e., tracheostomy. After experiencing a fire 
due to use of electrocautery occurring during trans- 
tracheal ventilation for emergency tracheostomy, 
Bowdle et al. recommend that “electrocautery, espe- 
cially for cutting, should be avoided if at all possible 
when the surgical field is immediately adjacent to the 
oxygen source” (1). Other authors stress the use of 
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bipolar, rather than unipolar, electrocautery, which 
would thereby minimize the amount of leakage cur- 
rent available (9). 


In summary, we recommend the following precau- 


tions as a minimum for prevention of fire during 
elective tracheostomy: 


L 


Use of oxygen-air and/or helium mixtures to re- 
duce combustibility, if the patient's condition per- 
mits. 


. Sparing use of the electrocautery device, if any, at 


low levels of voltage, particularly as the trachea is 
exposed during the surgical resection. 


. Use of bipolar rather than unipolar electrocautery 


for prevention of current leakage. 


. Inflation of the endotracheal tube cuff with saline 


or water instead of air. 


Is this overkill for a procedure such as a simple 


tracheostomy? Having been burned once, we think 
not. 
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Caudal Steroid Injection for Treatment of Piriformis Syndrome 
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Piriformis syndrome is a syndrome of low back and 
leg pain thought to be due to chronic contracture of 
the piriformis muscle that causes irritation of the 
sciatic nerve. Yeoman (1) in 1928 first drew attention 
to the role of the piriformis muscle in sciatica when he 
proposed that arthritic changes in the sacroiliac joint 
sometimes produce sciatica by causing an inflamma- 
tory reaction of the piriformis muscle and its fascia. It 
was Robinson (2) who, in 1947, coined the term 
“pyriformis syndrome.” 

The piriformis is a flat pyramidal muscle originat- 
ing from the front of the sacrum, the gluteal surface 
of the ilium, and the anterior capsule of the sacroiliac 
joint. It leaves the pelvis through the greater sciatic 
foramen and inserts into the upper border of the 
greater trochanter, sharing a common tendon with 
the obturator internus. 

Anatomic studies (3) have shown that in 90% of 
dissections the undivided sciatic nerve passes out of 
the greater sciatic foramen below the piriformis mus- 
cle (Figure la). In 7% of dissections the divisions of 
the nerve pass between and below the heads of the 
muscle (Figure 1b), and in 2% the divisions pass 
above and below the undivided muscle (Figure Ic). 
Furthermore, a third of the anatomic variations were 
found to be unilateral. Such intimate association has 
served to explain sciatic pain based on piriformis 
contracture in several reviews (4-7). 

Diagnosis of piriformis syndrome is made primar- 
ily on the basis of history and clinical examination. 
The incidence is considerably higher in women, with 
the reported ratio of women to men of 6:1 (8). These 
patients frequently present with associated symp- 
toms of pelvic pain and/or dyspareunia. Symptoms 
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are usually unilateral but may occasionally be bilat- 
eral. It was formerly believed that radiographic inves- 
tigation did not aid in the diagnosis, but a recent 
report describes the use of bone scan to demonstrate 
abnormal uptake in the soft tissues of the pelvis in the 
distribution of the piriformis muscle (9). 

Treatment options described in the literature have 
included rectal massage (10), rectal diathermy (11), 
surgical section of the muscle ‘itself (12,13), osteo- 
pathic manipulations, and physical therapy (5). Di- 
rect injection of the muscle with local anesthetic and 
steroid (8) has been advocated as being of both 
diagnostic and therapeutic value. This is usually, 
however, a painful procedure and not readily ac- 
cepted by most patients. We have utilized an alter- 
native approach using caudal steroid injection in the 
treatment of refractory cases of piriformis syndrome. 
Review of the world literature extending back to 1928 
does not indicate prior use of caudal steroids in the 
treatment of this syndrome. 


Patients and Methods 


This study was done on the basis of a chart review. 
Between 1980 and 1989 a total of 12 patients met our 
criteria for the diagnosis of piriformis syndrome (Ta- 
ble 1). All were women between the ages of 16 and 49 
yr (mean, 32 yr). 

Duration of the pain at the time of initial presen- 
tation ranged from 6 mo to 4 yr (mean, 2 yr). All of 
the patients had negative radiologic findings and 
negative electromyographic studies of the muscles 
innervated by the sciatic nerve roots. Conservative 
management with nonsteroidal antiinflammatory 
drugs and physical therapy was unsuccessful. One 
patient had had direct injection of lidocaine and 
steroid into the piriformis muscle, with only short- 
term pain relief. 

Caudal injections were performed with patients in 
the prone position using a 22-gauge 1.3-cm spinal 
needle. Injection consisted of 60-80 mg of the corti- 
costeroid triamcinolone with 15 mL of 0.25% bupiv- 
icaine. The local anesthetic served as a vehicle for the 
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Figure 1. The piriformis muscle and anatomical variations of the 
relationship to the sciatic nerve. (Adapted from Beaton and Anson 


[3].) 


Table 1. Diagnostic Criteria for Piriformis Syndrome 





Good movement of lumbar spine 

Positive straight leg raising 

Sciatic notch tenderness 

Pain and restriction of internal rotation of the thigh 

Pain on resisted abduction of the knees with the patient sitting 

Presence of trigger point in muscle on affected side by pelvic 
examination 

Negative computed tomography scan 


steroid and as an immediate marker for successful 
caudal blockade. 


Results 


Seven patients had single injections. Three patients 
had two injections and two patients had three injec- 
tions over a period of 3-6 mo. Follow-up time was at 
least 1 yr for 11 patients; the 12th patient has been 
followed for a period of 9 mo to date. There were no 
immediate or late complications. 

All patients reported significant pain relief during 
follow-up, ranging from 9 to 24 mo. Pain relief was 
assessed by the usual clinical criteria used in our pain 
clinic. This included the subjective report of the 
patients who rated their pain on the basis of none, 
mild, moderate, or severe, as well as objective criteria 
such as reduced use or discontinuation of analgesics 
and improved functional capacity. Seven patients 
reported complete pain relief after a single injection. 


CLINICAL REPORTS 


Five patients reported 25%-75% pain relief after the 
first injection and complete pain relief after the sec- 
ond and third injections. 


Discussion 


The close proximity of the sciatic nerve to the piri- 
formis muscle often results in both a diagnostic and a 
therapeutic dilemma. Complaints of neurologic 
symptoms with essentially negative neurologic find- 
ings and negative electromyographs are confusing. 
However, the anatomic basis for these neurologic 
symptoms is now well recognized. The muscle itself 
is innervated by branches from S1 and 82, which has 
some bearing on the clinical picture. Thus, although 
the piriformis syndrome is primarily a myofascial 
syndrome, it is usually the entrapment of the sciatic 
nerve that produces the most distressing symptoms. 

Injection of the piriformis muscle with local anes- 
thetic and/or steroid has been described in the diag- 
nosis and treatment of this condition. Injection can be 
made transcutaneously or, if the patient is female, 
per vaginum using a technique similar to that used in 
a paracervical block. Both injection techniques re- 
quire firm pressure on the muscle itself and are 
always extremely painful for the patient. Further- 
more, there is a real risk of direct trauma to the sciatic 
nerve or portions of the nerve from the needle. 

Use of epidural steroids by the lumbar or caudal 
route is well established in the treatment of low back 
pain associated with nerve root irritation. Solutions 
deposited in the caudal epidural space would be 
expected to diffuse along the nerve root sleeves and 
hence along the proximal part of the sciatic nerve. 
We, therefore, believed that caudal steroid injections 
might be of value in this syndrome, and our results 
confirm this. Local anesthetic and steroids injected 
into the caudal space will relieve not only sciatic 
nerve irritation but also the muscle spasm and pain of 
piriformis muscle contracture by blocking the inner- 
vation of the muscle itself. Gentle stretching exercises 
used in conjunction with these injections usually 
result in excellent long-term pain relief. 
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Letters to the Editor 


Epileptogenic Foci and Local 
Cerebral Metabolism 


Key Words: BRAIN, GLUCOSE METABOLISM AND 
EPILEPSY. COMPLICATIONS, EpILEpsy—role of 
brain metabolism. 


To the Editor: 


The review articles of Modica et al. (1,2) consider very 
nicely the clinical and experimental evidence for possible 
mechanisms by which general anesthetics and drugs used 
in anesthesia produce seizures or, conversely, have anti- 
convulsant properties. In this context, the authors point out 
that the epileptogenic properties of enflurane, narcotic 
analgesics, and local anesthetics may be reflected by their 
effects on local cerebral glucose use (LCGU), in particular in 
areas of the limbic system. In their summary, the authors 
suggest that in vivo imaging techniques able to detect tissue 
chemical- or drug-receptor interactions may provide further 
information about brain areas involved in the action of 
anesthetic drugs within the central nervous system. 

In our opinion, the methodologic constraints and exper- 
imental evidence support the view that the autoradio- 
graphic '*C-deoxyglucose method (3) does not permit the 
precise localization of the brain areas mediating the convul- 
sive effects of drugs. Local cerebral glucose use studies 
require steady-state conditions, and this is obviously not 
possible in the case of seizures, as pointed out by Young et 
al. (4), and by Collins et al. in their study of focal motor 
seizures (5). In addition, because LCGU studies do not 
allow the differentiation between central nervous system 
regions primarily affected by drugs and central nervous 
system areas secondarily recruited (6), some of the ob- 
served LCGU changes may not reflect the sites of origin of 
the epileptic discharges but rather the spreading of the 
abnormal electrical activity. Finally, drugs with proconvul- 
sant effects do not necessarily produce a pattern of LCGU 
alterations distinctively different from the patterns associ- 
ated with drugs devoid of this effect. In fact, brain areas 
with increased LCGU proposed by Myers and Shapiro as 
epileptogenic foci during enflurane anesthesia (7), and by 
Ingvar and Shapiro after lidocaine administration (8), are 
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also metabolically activated by anesthetics lacking excita- 
tory activity such as halothane (9) and isoflurane (10). 

Therefore, caution is mandatory in interpreting LCGU 
findings: so far no studies have been able to demonstrate a 
unique relation between the observed metabolic variations 
and the mechanisms of anesthesia or anesthesia-related 
phenomena. 


Carlo Ori, MD 

Istituto di Anestesiologica e Rianimazione 
University of Padua 

Via C. Battisti, 267 

35128 Padova 

Italy 


Mauro Dam, MD 

Gilberto Pizzolato, MD 

Istituto di Clinica delle Malattie Nervose e Mentali 
University of Padua 
Via N. Giustiniani, 5 
35128 Padova 

Italy 
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LETTERS TO THE EDITOR 


In Response: 


Ori et al. correctly point out limitations in using the 
2-deoxyglucose autoradiograph method to assess pro- or 
anticonvulsant effects of anesthetic agents. As an example, 
they point out that the requirement of steady-state condi- 
tions is not attainable during seizures. However, the 
steady-state requirement during the period of observation 
(i.e., from injection of the *C-deoxyglucose to killing the 
animal) is only necessary for determination of the absolute 
regional glucose metabolic rate. Useful information regard- 
ing relative regional blood flow, and by inference, the 
relative regional metabolic activity, can be obtained under a 
non-steady-state condition (1). 

The limitation of the 2-deoxyglucose autoradiograph 
method is more a problem of temporal resolution. Because 
the final autoradiographic intensity depends on the accu- 
mulation of 2 deoxyglucose-6-phosphate over the duration 
of the observation period, the resulting image is an indica- 
tion of the time-averaged relative metabolic rate (1). Such a 
technique may not be suitable for examining the procon- 
vulsant properties of anesthetic agents, which may only 
transiently induce neuronal hyperexcitability before attain- 
ing cerebral silence. 

Other imaging methods with enhanced temporal reso- 
lution, such as positron emission tomography (2,3) and 
single-photon emission computed tomography (4,5), have 
been successfully used in metabolic mapping of epileptic 
patients. The application of similar methods in patients 
undergoing anesthesia may provide greater understanding 
of anesthetic actions in vivo. We agree with Ori et al. that 
caution is mandatory in interpreting the local cerebral 
glucose use findings. However, caution resides in under- 
standing the limitations of the methods and not in the basic 
concept of using imaging techniques to gain an in-depth 
understanding of the in vivo effects of anesthetics and 
analgesics on the central nervous system. 


Paul A. Modica, MD 
René Tempelhoff, MD 
Paul F. White, PhD, MD 
jay Yang, PhD, MD 
t of Anesthesiology 
Washington University School of Medicine 
660 South Euclid Avenue 
St. Louis, MO 63110 
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An Alternative Explanation for 
Esophageal Perforation During 
Neonatal Resuscitation: Hazards of 
Nonregulated Wall Suction 


Key Words: ANESTHESIA, OBSTETRICAL. 
EQUIPMENT, sucrion—neonatal. 


To the Editor: 


Topsis et al. describe three cases of traumatic esophageal 
perforation complicating neonatal resuscitation (1). They 
emphasize that oropharyngeal suctioning and endotracheal 
intubation need to be performed skillfully by experienced 
personnel. They mention regulated wall suction but do not 
provide detailed guidelines. Recommendations for oropha- 
ryngeal suctioning of the neonate are that suction pressures 
should be 60-80 mm Hg and should not exceed 100 mm Hg 
(2). In the delivery room, suction pressure can be up to 200 
mm Hg. Excessive suction pressure may have been over- 
looked as a possible cause or traumatic esophageal perfo- 
rations in these cases. 

The report by Topsis et al. implies that it is routine at 
their institution to use a suction catheter to remove oropha- 
ryngeal secretions from the newborn at delivery. Cordero 
and Hon demonstrated the hazards of inducing bradycar- 
dia with this practice (3). For this reason, the American 
Heart Association and the American Academy of Pediatrics 
advise against routine use of a suction catheter to remove 
oropharyngeal secretions. Use of a suction catheter is 
reserved for meconium-stained fluid, for copious secre- 
tions, and for facilitated visualization of the glottis when 
intubation is indicated (2). 

In case 1 of the study by Topsis et al., bradycardia 
occurred with oropharyngeal suctioning that had been 
employed in the absence of the usual indications for its use. 
Use of a bulb syringe, in accordance with American Heart 
Association recommendations, would have avoided even 
the opportunity for traumatic esophageal perforation. In 
cases 2 and 3, the proper-sized endotracheal tubes and 
suction catheters were employed. These infants were born 
in the presence of meconium-stained amniotic fluid. Pedi- 
atricians used suction catheters in both cases, but there is 
no report of the intensity of suction. With meconium- 
stained amniotic fluid, obstetricians perform oropharyngeal 
suctioning as part of the combined obstetric and pediatric 
approach to meconium-stained neonates (4). In neither of 
these cases are details of obstetric suctioning provided. 
There is increasing reluctance by obstetricians to perform 
Delee suctioning by mouth because of fears of acquiring 
HIV infection or hepatitis. There is the possibility that the 
obstetricians in the cases described by Topsis and associates 
employed nonregulated wall suction, 200 mm Hg, which 
could have caused traumatic esophageal perforation. Ob- 
stetricians need to remember to employ regulated suction 
below 100 mm Hg whenever they suction the neonatal 
oropharynx. This is especially true at cesarean section, 
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when the standard operative maximum wall suction might 
inadvertently be used to suction the neonatal oropharynx 
and trauma might be induced. There is no easy way to 
know during sections if suction is causing esophageal 
trauma because of the usual blood-stained amniotic fluid at 
cesarean delivery. 

Careful intubation of the newborn by skilled personnel 
is fundamentally important. Routine use of the bulb sy- 
ringe and use of regulated suction only when indicated, 
and always below 100 mm Hg, are also important to avoid 
traumatic esophageal perforation in neonates. 

M. Gary Karlowicz, MD 

Neonatal Medicine 

Children’s Hospital of the King’s Daughters 
Eastern Virginia Medical School 


800 West Olney Road 
Norfolk, VA 23507 
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Parametric Statistics for Evaluation of 
the Visual Analog Scale 


Key Words: STATISTICS, PARAMETRIC. 
MEASUREMENT TECHNIQUES, visuAL ANALOG 
SCALES. 


To the Editor: 


Visual analog scales (VASs) are widely used to investigate 
patients’ assessments of recovery after anesthesia. There 
has been much discussion as to whether parametric or 
nonparametric techniques are most appropriate for statisti- 
cal analysis of the VAS. Information from the literature on 
psychological testing supports the use of parametric tech- 
niques. 

One issue is whether the VAS represents ordinal, dis- 
continuous data or interval, continuous information. An 
ordinal scale connotes simple rank-ordering of results, with 
values usually specified by numbers. An interval scale 
connotes equal distance between unit values. Most psycho- 
logical tests such as the VAS provide more information 
than simple rank-ordering, but equality of units cannot be 
assured (1). The test data thus lie somewhere between 
ordinal and interval values. 

According to several statistical sources on psychological 
tests, the parametric (F and t) techniques are applicable for 
psychological test data that do not represent clearly interval 
values (1-3). The use of ordinal versus interval data does 
not alter the risks of type I and type II errors when 
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statistical inferences are made with parametric tests. Use of 
nonparametric techniques, however, may increase the like- 
lihood of type II errors (1). 

Another issue is whether the VAS data need to be 
normally distributed for parametric tests to be appropriate. 
The means of samples of a population (sampling distribu- 
tion) tend to be normal independent of the underlying 
population distribution, according to the Central Limit 
Theorem, and again parametric tests apply (4). Calculations 
have been done to assess the impact of specifically disre- 
garding the assumptions underlying parametric tests, us- 
ing different combinations of population distribution 
shapes, sizes, and variances (5). Sampling from rectangular 
distributions had negligible effects on the percentage of t's 
reaching the 0.05 and 0.01 significance levels. Even sam- 
pling from a J-shaped distribution produced minimal error 
in inference. 

Maxwell (3) has validated the use of parametric statistics 
specifically for VAS analysis. 

In summary, the VAS represents data that, although not 
clearly interval values, are most appropriately analyzed by 
parametric techniques. These techniques permit statistical 
inferences without altering the risk of type I and type II 
errors, whereas use of nonparametric techniques may in- 
crease the likelihood of type II errors. 

Beverly K. Philip, MD 
Department of Anesthesia 
Brigham and Women’s Hospital 


75 Francis Street 
Boston, MA 02115 
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Vasodilator-Induced Femoral-to- 
Radial Pressure Gradient After 
Cardiopulmonary Bypass 


Key Words: BLOOD PRESSURE, FEMoRAL—radial 
gradient. ANESTHESIA, CARDIOVASCULAR— 
femoral-radial pressure gradient. 


To the Editor: 


Maruyama and coworkers (1) report that the infusion of 
nitroglycerin and nicardipine during cardiac surgery signif- 
icantly increased the incidence, magnitude, and duration of 
the pressure difference between femoral and radial arteries 
after cardiopulmonary bypass. These data affirm the con- 
tention by Pauca et al. (2) that reduction of peripheral 
vascular resistance is the main cause for this gradient. Such 
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reduction in resistance does not, however, necessarily 
require vasodilation, as the authors state; reduced viscosity 
associated with hemodilution also significantly reduces 
peripheral vascular resistance, according to Pouiseuille, 
even in the absence of any vasodilation (3). 

Maruyama et al. report that there was no statistically 
significant difference between femoral and radial artery 
pressure in patients not receiving vasodilators. However, 
this lack of statistical significance resulted mainly from the 
large dispersion of the individual measurements; as can be 
seen in Figures 1 and 2 of their report (1), several patients 
did indeed have increases in pressure gradient after by- 
pass. This is in agreement with previous reports (4) that 
have shown that this gradient is a frequent, but not a 
constant, finding. The most important lesson from the 
work of Maruyama et al. is that because of the infusion of 
potent vasodilators, an alteration that was found only in 
some patients became a. constant, predictable response. 
This observation is, in my opinion, an important step 
toward understanding the pathophysiology of this phe- 
nomenon, which, I have suggested, results from the par- 
ticular physical and rheological properties of blood and 
hemodilution in the microcirculation (3). 

If it is true that low resistance to blood How due to 
reduced viscosity underlies the aortic-to-radial pressure 
difference (3), it remains unexplained why it was observed 
only in some patients, even though-hemodilution was used 
in all of them. It may be hypothesized that compensatory 
increases in cardiac output and vasoconstriction may occur 
in many, but not in all, patients; the administration of 
vasodilators would block vasoconstriction, thus increasing 
the frequency and duration of this pressure difference. The 
effect of vasodilators would be to “unmask” the underlying 
effect of hemodilution, while at the same time preventing 
the normal compensatory vasoconstrictive. adaptation from 
taking place. If vasodilators were solely responsible for this 
pressure gradient, as Maruyama et al. suggest, dispropor- 
tionate decreases of radial artery pressure would be seen 
frequently in the wards in patients under nitroglycerin 
therapy, which, to my knowledge, is not the case. 

Jorge Urzua, MD 
Departments of Anesthesiology and Electrical Engineering 
Catholic University of Chile 


P.O. Box 114-D 
Santiago de Chile 
Chile 
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Interpreting Expired CO, Waveforms 


Key Words: CARBON DIOXIDE, 
EXPIRED—waveform. 


To the Editor: 


In their recent exchange of opinion in their letters to the 
editor regarding the role of ventilation/perfusion (V/Q) 
distributions in the slope of the alveolar portion of the CO, 
elimination waveform, Cruz (1) and Benumof (2) have 
touched on an important contradiction of the sequential 
emptying theory. 

In erect humans, specific ventilation (volume of inspired 
gas/unit lung volume) is lowest at the apex of the lung and 
highest at the base of the lung (3). The inspiration of a 
single breath of 100% O, in a patient breathing air should 
therefore result in a nitrogen concentration that is lowest at 
the base arid highest at the apex of the lung. On exhalation 
the resulting N, expirogram has a positive alveolar slope, 
ie., during phase 3 of exhalation the N, concentration 
increases with time and/or exhaled volume (4). The sequen- 
tial emptying theory can explain the positive slope by 
postulating that alveolar gas from the base of the lung (with 
the lowest N; concentration) empties first, followed by the 
gas from mid-lung, and then by gas from the apex (with the 
highest N, concentration). 

Ventilation/perfusion ratios, however, are distributed in 
the lung of upright humans such that lung units with the 
lowest V/Q ratios are at the base and units with the highest 
V/Q ratios are at the apex (3): If these lung units empty 
sequentially from base to apex, the slope of phase 3 of the 
CO, expirogram should be negative (i.e., CO, concentra- 
tion should decrease with time or exhaled volume), which 
is clearly not the case—the slope of phase 3 for CO,-in 
normal erect humans is always positive. Thus, the multi- 
compartment sequential emptying theory does not explain 
the slope of phase 3 for both CO, and N, simultaneously in 
a normal subject (5). 

It is refreshing to see this long-standing controversy 
aired in the anesthesia literature because anesthesiologists 
represent the only clinical specialty using capnography in 
daily practice. Monitoring of the CO, waveform has be- 
come routine and undoubtedly contains a wealth of infor- 
mation about pulmonary structure and function, including 
blood and gas flow distribution, and acinar morphometry 
(5). A deeper understanding of gas transport in the lung 
will ultimately provide a more informed interpretation of 
the CO, expirogram. 


Gordon R. Neufeld, MD 

James E. Baumgardner, MD, PhD 
Peter W. Scherer, MD, PhD 

Departments of Anesthesia and Bioengineering 
University of Pennsylvania 

Philadelphia, PA 19104 
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A Hazardous Defect in a Humidifier 


Key Words: EQUIPMENT, HUMIDIFIER— 
obstruction. 


To the Editor: 


There have been few reports on accidents during general 
anesthesia related to the use of humidifier equipment (1,2). 
We recently experienced a previously unreported but po- 
tentially dangerous instance of a defect in a Thermo Vent 
600 humidifier (Portex Limited). The defect in the humidi- 
fier consisted of a complete obstruction of the proximal hole 
(Y-piece side) by a thin plastic membrane of the same 
material as that of the body, although the distal hole (on the 
patient’s side) was patent (Figure 1). The patient could not 
be ventilated immediately after endotracheal intubation 
after administration of the regular induction doses of thio- 
pental and succinylcholine. Because mechanical airway 
trouble was initially suspected, we immediately reintu- 
bated the trachea using another endotracheal tube. General 
causes of airway trouble, such as endotracheal tube ob- 
struction, anesthesia breathing circuit trouble, and bron- 
chospasm, were all ruled out. Finally, the humidifier was 
identified as the culprit because, when we checked the 
anesthesia machine system, the humidifier was not at- 
tached to the anesthesia circuit. 

It has been our practice to insert humidifiers between 
the elbow of the anesthesia circuit and the endotracheal 
tube immediately after endotracheal intubation without 
checking them. If we had checked the circuit system when 
it was attached to the humidifier, this problem would have 
been avoided. We, therefore, recommend that the prean- 
esthetic machine be checked with the humidifier attached if 
there is any intention of using the humidifier during the 
operation. We have obtained assurance from the manufac- 
turer that better inspection and pressure tests are being 
instituted to prevent production of such defective humidi- 
fiers. Even so, anesthesia circuits should still be checked 
preanesthetically with humidifiers in circuit if they are to be 
used later on. 


Yoshihisa Koga, MD 

Naofumi Iwatsuki, MD 
Masahiko Takahashi, MD 
Yasuhiko Hashimoto, MD 
Department of Anesthesiology 

Tohoku University School of Medicine 
1-1 Setryomachi 

Aobaku, Sendai 980, Japan 


LETTERS TO THE EDITOR 





Figure 1. Defective humidifier (left) with a thin plastic membrane 
obstructing the proximal limb in comparison with a normal humid- 
ifier (right). 
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In Response: 


Portex is a responsible manufacturer of single-use medical 
devices and as such applies rigorous controls to product 
design, manufacture, and quality. 

All Thermovent heat and moisture exchanger housings 
are now tested to confirm a free flow of gases before 
assembly. 

As the authors state, it should be standard practice to 
check the performance of equipment before use, particu- 
larly when assembly, or use in combination, of several 
separate products is involved. We endorse this view. 

N. Green 

Portex 

Hythe, Kent CT21 6JL 
England 





Intralipid Solution Mistakenly 
Infused Into Epidural Space 


Key Words: ANESTHETIC TECHNIQUES, 
EPIDURAL—inadvertent intralipid injection. 


To the Editor: 


Epidural infusions of narcotics are routinely used in our 
institution for management of postoperative pain. Our 
recent discovery of a patient who had accidently received 
300 mL of intralipid total parenteral nutrition solution via 
his epidural catheter points out one potential complication 
of this usually uneventful therapy. 

A 21-yr-old man with ulcerative colit:s underwent a total 
colectomy. Postoperative pain control was begun with 
intravenous morphine using a patient-controlled analgesia 
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device. The patient was unable to obtain satisfactory pain 
relief, and we were consulted. A lumbar epidural catheter 
was placed, and he received excellent analgesia after 100 ug 
of fentanyl was injected into the epidural space. A contin- 
uous epidural infusion of preservative-free morphine at 
1.0 mg/h was then begun using a standard intravenous 
infusion set connected to the epidural catheter tubing. The 
tubing and intravenous infusion pump was labeled with 
bright green “EPIDURAL CATHETER” tags. He remained 
nearly pain-free for the next 24 h. It was then discovered 
that an intravenous infusion of intralipid total parenteral 
nutrition solution had been “‘piggy-backed” onto the intra- 
venous tubing leading to the epidural catheter. The label 
covering one of the side ports on the infusion set tubing 
had apparently been lost. Approximately 300 mL of intra- 
lipid solution had been infused at a rate of 60 mL/h. The 
epidural catheter was removed from the patient. The cath- 
eter insertion site appeared normal and was not painful to 
palpation. Daily visits failed to reveal any neurological 
deficits caused by this unusual infusion. The epidural site 
remained normal. 

We know of no reports of a similar accidental epidural 
intralipid infusion. This represents one of the numerous 
possible complications of epidural infusion therapy. We 
recommend careful labeling of epidural tubing and infusion 
pumps, and, where possible, use of infusion sets without 
side ports that could potentially allow foreign substances 
into the epidural space. 


Philip Bickler, MD, PhD 

Robert Spears, MD 

Warren McKay, MD 

Department of Anesthesia 

University of California, San Francisco 
San Francisco, CA 94143 








A Simple Chin-Support Device 
During Face Mask Anesthesia 


Key Words: AIRWAY, MAINTENANCE. 


To the Editor: 


To maintain the airway and give the anesthesiologist a free 
pair of hands for other tasks, a chin-lift device is sometimes 
used in conjunction with a head harness for mask anesthe- 
sia. A padded tongue depressor or reversed Guedel airway 
(1) has been used for this purpose. The flexible, reusable 
rubber Guedel airway is no longer available in many 
hospitals, and, furthermore, additional chin support is 
often required with these devices to prevent the tongue 
from falling back and occluding the laryngeal inlet. Lyew 
(2) described a method by which the ends of the chin 
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Figure 1. A 20-mL syringe provides chin support for a head 
harness with mask anesthesia. 


support are suspended from a rigid screen using tape. This 
is a somewhat cumbersome assembly and would require 
readjustment should the patient be moved on the operating 
table. 

A simple, self-supporting chin device is suggested using 
a 20-mL syringe as shown (Figure 1). For additional com- 
fort, a piece of gauze can be p_aced between the syringe and 
chin. This device has a number of advantages. The nozzle 
of the syringe barrel and the fins of the plunger provide a 
convenient grip for the cervical straps of the harness. The 
bulky shape of the syringe acts as a fulcrum, elevating the 
straps well away from the mandible. This alters the mo- 
mental forces in such a way that the system is self- 
supporting. Cervical straps may injure the marginal branch 
of the facial nerve (3), press on the facial artery, or impair 
venous drainage of the face and scalp by pressing on the 
internal jugular vein. The risx of these neurovascular inju- 
ries may be reduced using the syringe chin support, as the 
straps are elevated well away from these structures. Fi- 
nally, syringes are cheap and readily available in different 
sizes. Suggested use is 20 mL for adults and 10 mL for 
adolescents. 
Ed Lee, MB, FFARCSI 
Department of Anesthesia 
Vanderbilt University Medical Center 
Nashville, TN 37232 
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Book Reviews 


The Merck Manual of Diagnosis and Therapy, 
15th ed., 3rd printing 

Robert Berkow, ed. West Point, Pa.: Merck Sharp and 
Dohme Research Laboratories, 1989, 2696 pp, $25.00. 


The Merck Manual of Geriatrics 

William B. Abrams and Robert Berkow, eds. West Point, 
Pa.: Merck Sharp and Dohme Research Laboratories, 
1990, 1267 pp, $20.00. 


In 1899, a chemical manufacturing company published a 
slender manual of 262 pages designed to meet the needs of 
general practitioners selecting medications. Some 91 years 
later, that manual has evolved into a 2696-page text that has 
become a favorite among medical students for its portability 
and readability. The publishers are probably quite justified 
in their claim to be “the most widely used medical text in 
the world.” With the steady aging of the population in the 
developed world and with the surge of new information in 
geriatrics, a separate text for geriatrics has emerged from 
Merck Sharp and Dohme. 

The popularity of these two reasonably priced manuals 
lend them an importance beyond the font of information 
they contain. Because most medical students acquire at 
least one original Merck Manual early in their training, the 
Manual serves as an introduction to clinical medicine and 
the various specialties at a very impressionable point. It is 
very disappointing, therefore, that all references to anes- 
thesia in these texts are written by specialists other than 
anesthesiologists. Although the editors invite suggestions 
and comments for revision, the very concept of having 
nonanesthesiologists writing about the speciality seems a 
bit strained. 

For example, in the Geriatrics Manual section on surgery, 
the authors misstate the ASA classification and ascribe its 
use to assess risk, cite old data on perioperative myocardial 
infarction occurrence, and obliquely refer to the Goldman 
Criteria without mentioning them by name. Their knowl- 
edge of anesthetic agents and technique seem locked in the 
late 1970s or early 1980s with fentanyl apparently thought 
to be a nascent drug and methoxyflurane still in use. 

The sections on pain control in both manuals are written 
by a neurologist, and the perspective on this multidiscipli- 
nary field is limited to that viewpoint. For example, intra- 
thecal and epidural narcotics for postoperative pain relief 
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are reported here to be mired in controversy, and the utility 
of patient-controlled analgesia in the elderly is dismissed as 
requiring too much manual dexterity. It is this reviewer's 
experience that elderly patients who have sustained hip 
fractures are quite capable of handling patient-controlled 
analgesia and that the introduction of spinal narcotics has 
been a giant step forward in the ability to provide pain relief. 

Despite these faults with respect to anesthesia, the 
manuals are very well written and well edited, a consider- 
able feat in view of the multitude of authors. The crisp 
prose is without the soporofic properties common to so 
many encyclopedic works. The table of contents and the 
index are two very important and necessary tools for 
navigating the facts presented and they serve the reader 
well. Although these manuals cannot be recommended for 
their anesthetic knowledge, they are still a handy resource 
for a quick refresher on subjects not encountered since 
medical school. It is to be hoped that the editors will update 
the anesthesia sections in future editions. 


Clifford M. Gevirtz, MD, MPH 

The Jack D. Weiler Hospital of the Albert Einstein College 
of Medicine Division 

Bronx, New York 





Pain and the Sympathetic Nervous System, 
Current Management of Pain Series 

Michael Stanton-Hicks, MD, ed. Boston: Kluwer 
Academic Publishers, 1990, 251 pp, $90.00. 


Pain syndromes associated with sympathetic nervous sys- 
tem dysfunction are frequently seen by clinicians treating 
chronic pain. The most common syndrome, reflex sympa- 
thetic dystrophy (RSD), responds well to blockade of the 
sympathetic nervous system, and patients are commonly 
referred to anesthesiologists for treatment. Therefore, 
knowledge of the treatment of sympathetically maintained 
pain is important to anesthesiologists, whether they be in 
private practice or employed in multidisciplinary pain cen- 
ters. A reference work for their use, devoted to sympathet- 
ically maintained pain, has long been needed. 

This book is mostly directed toward the diagnosis and 
treatment of RSD. As a reference text on the subject, it is 
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well organized and fairly comprehensive. Chapters on 
epidemiology, sympathetic nerve blocks, neurosurgical 
techniques, and the psychological aspects of RSD are com- 
plete and well written; these are highly recommended for 
any clinician who treats RSD. 

The text does have a few flaws, however. The chapter on 
physiology and pathophysiology of the sympathetic ner- 
vous system, although well organized and well illustrated, 
is too long and goes into too much detail for a basic 
reference. Noninvasive treatment of sympathetically main- 
tained pain is, on the other hand, very superficially re- 
viewed. The chapter on intravenous regional sympathetic 
blocks is well written but lacks substantiation with refer- 
ences from peer-reviewed research. A large percentage of 
the references are review articles, chapters, or other articles 
unrelated to clinical research for the treatment of RSD. The 
chapter on peripheral nerve stimulation for treatment of 
causalgia is speculative and presents data and recommen- 
dations that have not previously been reported in peer- 
reviewed journals or substantiated by other authors. As 
such, the chapter presents interesting information that 
should not be incorporated in the general clinical treatment 
of RSD without further research. One last shortcoming of 
the book is its lack of a conclusive chapter to integrate the 
recommended treatment of RSD for the reader. Although 
methods are presented individually, the reader is left to 
conclude how each method should be incorporated into an 
overall treatment plan for the patient who presents with 
RSD. 

The price of the book seems somewhat high, both in 
comparison to other books its size and to other books in the 
Current Management of Pain series. However, this text is one 
of only a few that can serve as references on the treatment 
of sympathetically maintained pain, and so it is recom- 
mended to physicians who treat this condition. 


Allen H. Hord, MD 
Acute Pain Treatment Service—Emory Hospital 


Atlanta, Georgia 


Reflex Sympathetic Dystrophy, Current 
Management of Pain Series 

M. Stanton-Hicks, W. Janig, and R. B. Boas, eds. Boston: 
Kluwer Academic Publishers, 1990, 210 pp, $59.95. 


The publication of this monograph from the series Current 
Management of Pain closely followed the release of Pain and 
the Sympathetic Nervous System. This volume is based on the 
proceedings of a workshop on reflex sympathetic dystro- 
phy (RSD) held in West Germany in 1988. Advertisements 
promise that this text will provide a “reference source” that 
will “serve as an invaluable manual for working with 
patients afflicted with this syndrome.” 

The editors have put together a very impressive table of 
contents divided into four sections. The first section covers 
general considerations in the diagnosis, incidence, epi- 
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demiology, and psychosomatic aspects of RSD; the second 
is devoted to basic research into the pathophysiology of the 
condition. The third section covers existing treatment of 
RSD, and the fourth covers new techniques of diagnosis 
and treatment. The only fault in the organization is that the 
chapter on peripheral nerve stimulator implantation for 
treatment of RSD should have been placed under “new 
techniques” because the technique is still unproven. 

Unfortunately, the text does not live up to the excellence 
of the table of contents. All chapters are brief, superficial, 
and incomplete, and the quality of the writing is very 
uneven. In fact, the text resembles an unedited copy of 
abstracts from the meeting. Most of the authors from Pain 
and the Sympathetic Nervous System have chapters in Reflex 
Sympathetic Dystrophy. However, the chapters are signifi- 
cantly shortened. As an example, the chapter ‘’Sympathet- 
ically Maintained Pain: Principles of Diagnosis and Thera- 
py” is covered by the same author in 27 pages in the 
previous text and in only three pages in this book. 

On a positive note, the chapters on basic research are 
very interesting, although many present preliminary re- 
search, opinion, and speculation. The authors review re- 
cent research and attempt to integrate the results into 
theories of spinal, neuropharmacologic, neurophysiologic, 
and peripheral bood-flow interactions in the pathophysiol- 
ogy of RSD. 

In summary, Reflex Sympathetic Dystrophy does not fulfill 
its promise as a reference text on RSD and should not be 
purchased by clinicians with that intent, although it may be 
of interest to those involved in research and teaching. 
Clinicians will find Pain and the Sympathetic Nervous System 
to be a much more valuable resource. 


Allen H. Hord, MD 
Acute Pain Treatment Service—-Emory Hospital 
Atlanta, Georgia 


Anesthesia, 3rd ed. 
R. D. Miller, ed. New York: Churchill Livingstone, 1990, 
2420 pp plus 115 pp index in 2 volumes, $175.00. 


Since 1980, Miller’s Anesthesia has become the leading 
full-length textbook of anesthesia in the United States. The 
first edition was introduced as a comprehensive (but not 
encyclopedic), scholarly review of the state of our art, with 
each chapter complete in itself and redundancy encouraged 
to provide multiple points of view. The third edition’s 
introduction acknowledges even more ambitious goals, the 
“best possible reference” and “the standard text for train- 
ing programs,” and points out several changes in the book. 

The most evident changes are in the book’s physical 
properties, some summarized in Table 1, along with those 
for Barash, Cullen, and Stoelting’s Clinical Anesthesia for 
comparison. Anesthesia now comprises two volumes in- 
stead of three, with larger pages than before. The purchaser 
gets a lot of book for the money: 6.3 kg, 2.1 million words, 
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Table 1. Physical Properties of Anesthesia and 
Clinical Anesthesia 


Clinical Anesthesia 


Anesthesia (Barash/Cullen/ 


Physical properties (Miller, 3rd ed.) Stoelting) 

Weight 6.27 kg 3.21 kg 

No. of pages 
Text 2420 1515 
Index 115 x 2 59 

No. of words 2.1 million 1.7 million 
(estimated) 

Page size (mm) 279 X 216 x .071 278 X 213 x .067 

Typeface Aster Palatino 
Size (points) 9 9 
Spacing (points) 1] 10 

Fraction of page 66% 70% 
occupied by text 

References 12,700 9,200 

Price $175 $99 


and almost 13,000 references. The reviewer (with myopia 
and bifocals), as well as other readers, finds that Miller’s 
book produces less eyestrain than does Barash, Cullen, and 
Stoelting’s, which I can read for only 30 minutes at a time 
without rest. Both use 9-point type, but the line spacing is 
11 points in Anesthesia and 10 points in Clinical Anesthesia. 
This, along with the wider margins and slightly less glossy 
paper, may account for the greater comfort one experiences 
when reading Anesthesia. The handsome new text is well 
laid out, with effective use of tables, charts, and diagrams. 

There are new authors and chapters. These include 
individual chapters on pain management, monitored or 
“stand-by” care, various kinds of monitoring, hyperbaric 
medicine, pediatric cardiac anesthesia, anesthesia for or- 
thopedic surgery, and measures to conserve blood. Two 
novel chapters are noteworthy. “The Management of Gen- 
eral Anesthesia” deserves special attention from those who 
teach anesthesia, as its description of a simple general 
anesthetic also incorporates the teaching methods for 
which its author, Dr. Robert Willenkin, is well known. Also 
welcome is the chapter on “Teaching Anesthesia,” which 
may present difficulties for those not familiar with the 
language of educators, but which has good advice for the 
many who teach anesthesia or who administer teaching 
programs. Despite the 80 chapters, one omission remains: 
major treatment of positioning in its own chapter. 

How well does this new book fulfill the four goals of a 
major text? First, it may establish scholarly bench marks, 
assessing and delimiting our knowledge. This most ambi- 
tious goal was clearly foresworn for the first edition, but 
was possibly encompassed by this edition’s ambition to be 
the best available reference. A comprehensive assessment 
of the scholarly merits of the entire book would require a 
dozen reviewers. The text remains uneven in the depth of 
its scholarship, although not as badly so as in the previous 
editions. A few chapters are relatively superficial, whereas 
many meet high academic standards. 
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Second, a major textbook provides a review for experi- 
enced readers. This form of continuing medical education 
receives little mention, perhaps because it does not involve 
travel for the participant or profit for speakers, but it has 
much to offer. Anesthesia easily fills this role. Some variation 
in style results from the number of authors involved. 
Nevertheless, perhaps because of the enhanced editorial 
review in this edition, all of the writing is at least readable 
and much of it is excellent. The material covered is up-to- 
date and the judgments offered not only are buttressed by 
contemporary references but are as well considered as one 
would expect from the authors and editors represented 
here. A regular program of rereading this book in its 
successive editions, as well as referring to it as clinical 
problems arise, would form the basis for an unsurpassed 
individual program in continuing medical education. 

Third, textbooks serve as complete courses in anesthe- 
siology. Such books must not only offer complete coverage 
but also keep in mind the neophyte reader, so that a 
first-year resident will need little help to learn from the text. 
Anesthesia is likely to perform well in this role. Basic 
sciences are well explained, beginning at an appropriate 
level and correlated with clinical material. 

Fourth, a major text serves as a ready reference to 
answer questions that arise in the course of practice or 
teaching. In the introduction, Dr. Miller points out that 
special pains were taken in preparing the index, the 115 
pages of which are duplicated at the back of both volumes. 
The convenience of this feature outweighs the necessary 
4% increase in size, weight, and cost. Looking up 20 
subjects that arose recently in teaching or clinical care, 
along with a few exotica meant to challenge the indexer, 
showed that the index is easy to use and almost always 
directs one to the relevant material. Subheadings are plen- 
tiful and rationally chosen. There were a few failings: the 
entry ‘‘masseter spasm” only referred to a brief paragraph 
in the chapter on muscle relaxants and neglected the much 
more complete discussion in the section on “malignant 
hyperthermia’; there was no entry for hair loss after 
anesthesia or management of patients with epidermolysis. 
The usefulness of a book this large, with this much redun- 
dancy in the coverage of various topics, depends heavily on 
the index. This index, along with the book’s wide coverage 
and the extensive lists of references provided with each 
chapter, makes this text an excellent reference. 

Comparison of this book with Clinical Anesthesia is inev- 
itable, but neither is clearly superior; both are excellent. 
Most material is well covered in both books, but each offers 
chapters that are better than the corresponding ones in the 
other. For physical ease of reading and for the most recent 
publication date (by a year), choose Anesthesia; for a 
cheaper, lighter book in a single volume, choose Clinical 
Anesthesia. Though the prices seem high, the annual cost 
(1990 dollars) of maintaining current versions of both books 
at their current rates of revision is only $55, less than the 
cost of a night’s lodging in a typical ASA convention city. 
Anyone who needs one of these books needs the other too, 
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and this includes any resident, practitioner, or teacher of 
anesthesia. 


Frank L. Murphy, MD 
Hospital of the University of Pennsylvania 
Philadelphia, Pennsylvania 
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cell effects, splenectomy and, 389 
prolonged exposure, outcome effects, 
586 


Anesthetics, intravenous 
alfentanil 
midazolam-induced unconsciousness 
effects, 65 
droperidol 
delayed reaction to, diphenhydramine 
effects on (letter), 105 
side effects (letter), 106 
ketamine 
in upper extremity (letter), 308 
negative inotropic effects, in rabbit 
ventricular muscle, 275 
midazolam 
alfentanil and, compared to propofol, 
645 
outpatient, sedation, flumazenil 
reversal of, 371 
unconsciousness induction, alfentanil 
potentiation of, 65 
propofol 
alfentanil and, compared to 
midazolam, 645 
antiemetic effect, 536 
cerebral circulation and autoregulation 
in baboon effects, 49 
pediatric, compared to thiopental / 
halothane, 511 
thiopental 
auditory steady-state responses, 460 
hepatic blood flow effects, 349 
pediatric, compared to propofol, 511 
potency, decreased (letter), 208 
sympathetic neural outflow inhibition 
during, 319 
Anesthetics, local 
bupivacaine 
brachial plexus block, cardiac arrest 
(letter), 561 
conduction blockade, pregnancy, 
progesterone and, 545 
penile nerve block, pediatric, serum 
concentrations after, 423 
synaptic transmission effects, 149 
2-chloroprocaine 
epidural, back pain (letter), 562 
lidocaine 
penile nerve block, pediatric, serum 
concentrations after, 423 
synaptic transmission effects, 149 
toxicity, during general anesthesia 
(letter), 207 
partition coefficients, 158 
procaine, diethylaminoethanol 
hippocampal pyramidal cells effects, 
404 


Anesthetics, volatile 
desflurane 
anesthetic adjuvants, cardiovascular 
actions of, 144 
hepatocellular integrity in swine effects, 
249 


enflurane 
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coronary artery surgery, myocardial 
infarction and perioperative death 
incidence, compared to isoflurane, 
469 

splanchnic oxygenation and hepatic 
metabolism effects, compared to 
isoflurane, 258 

halothane 

cerebral protection, 434 

concentration, in Krebs’ medium 
(letter), 397 

elimination kinetics, 658 

hepatic blood flow effects, 349 

intraocular pressure effects, in children, 
181 

malignant hyperthermia and, 285 

myocardial ischemia, dobutamine and, 
327 

saturable binding sites for, Henry’s law 


anesthetic adjuvants, cardiovascular 
actions of, 144 

auditory steady-state responses, 460 

coronary artery surgery, myocardial 
infarction and perioperative death 
incidence, compared to enflurane, 
469 

folate and vitamin B,, metabolism 
effects, nitrous oxide and, 610 

hepatic blood flow effects, 349 

hepatocellular integrity in swine effects, 
249 


prolonged, fluoride concentration and 
(letter), 103 
saturable binding sites for, Henry’s law 
and, 70 
splanchnic oxygenation and hepatic 
metabolism effects, compared to 
enflurane, 258 
vasodilation, a-adrenergic nervous 
system and, 451 
pharmacokinetics 
desflurane, 340 
halothane, 340 
isoflurane, 340 
sevoflurane, 340 
sevoflurane 
elimination kinetics, 658 
Antacids, see Gastrointestinal tract, stomach 


flumazenil, midazolam sedation 
reversal, 371 
galanthamine 
central activity (letter), 441 
Antagonists, neuronruscular relaxants 
edrophonium 
cardiovascular action, during des- 
fhirane and isoflurane anesthesia, 144 
pharmacokinetics and . 
pharmacodynamics, in elderly, 334 
Antagonists, opioid 
naltrexone, cesarean section, morphine 
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adverse reactions and analgesia and, 
367 
Antibiotics 


convulsions, 554 

vancomycin 
toxicity, in critically ill patients, 394 
vecuronium neuromuscular blockade 


cannulation, acromegaly and (letter), 
204 


vasodilation 

alfentanil effects, 29 

fentanyl effects, 29 

isoflurane, a-adrenergic nervous 

system and, 451 

sufentanil effects, 29 
Arthroscopy, see Anesthesia, orthopedic 
Atracurium, see Neuromuscular relaxants 
Atropine, see Parasympathetic nervous 


system 
Auditory evoked responses, see Brain, 
evoked potentials 


By see Vitamins 
Bacitracin, see Antibiotics 
Benzodiazepines, see Hypnotics 
Biotransformations, drug 
isoflurane 
fluoride concentration and (letter), 103 
Blood 
clotting 
activated coagulation time (ACT), 
measurement, 549 
coagulation 
heparin effects, protamine and, 637 
hematocrit 
determinations, conductivity-based, 
conventional laboratory methods 
comparisons, in autologous blood 
transfusions, 541 l 
hematologic responses to nitrous oxide, 
618 
hemodilution 
isovolemic (letter), 567 
hemoglobin 
oxygen dissociation, contrast media 
effects on, 73 
hemopoiesis 
nitrous oxide effects on, 389 
Blood pressure 
femoral 
radial gradient, vasodilator-induced 
(letter), 710 
Blood pressure cuff, see Equipment 
Book reviews 
Acute Management of the Burned Patient 
(Martyn JA) [Baumgarten RK, 
Wesley RL], 448 
Anesthesia for Major Vascular Surgery 


(Roizen MF) [Youngberg JA], 315 
Anesthesia in Emergency Medicine 
(Vanstrum GS) [Kaiser RE Jr], 110 
Anesthesia, 3rd Edition (Miller RD) 
[Murphy FL], 715 
Anesthesiology: Specialty Board Review, 
3rd Edition (Beach TP) [Mabey M], 
572 


Anesthesiology and the Heart (Stanley 
TH, Sperry RJ) [O’Connor CJ Jr], 571 

Atlas of Cardiothoracic Surgery 
(Edmunds LH Jr, Norwood WI, Low 
DW) [Moyers JR], 108 

Brain Storming: The Science and Politics 
of Opiate Research (Snyder SH) 
[Brent C], 107 

Drugs and Anesthesia: Pharmacology for 
Anesthesiologists (Wood M, Wood 
AJJ) [Cullen BF], 214 

Essentials of Anesthesiology, 2nd Edition 
(Chung DC, Lam AM) [Scuderi PE], 
109 

Introduction to Critical Care (Civetta JM, 
Taylor RW, Kirby RR) [Brister NW], 
108 

Mastering Infrared Capnography 
(Kalenda Z) [Seifert HA, Epstein RA], 
316 

Memory and Awareness in Anesthesia 
(Bonke B, Fitch W, Millar K) [Guerra 
F}, 571 

Merck Manual of Diagnosis and Therapy, 
The, 15th Edition (Berkow R) 
[Gevirtz CM], 714 

Merck Manual of Geriatrics, The (Abrams 
WB, Berkow R) [Gevirtz CM], 714 

Monitoring in Anesthesia and Critical 
Care Medicine, 2nd Edition (Blitt CD) 
[Goldman JM], 447 

Neuroanesthesia (Porter SS) [Domino 
KB], 573 

Neuromonitoring in Surgery (Desmedt 
JE) [McPherson RW], 109 

Opioid Analgesia, Volume 14 in 
Advances in Pain Research and 
Therapy (Benedetti C, Chapman CR, 
Giron G) [Waldman SD], 214 

Pain and the Sympathetic Nervous System, 
Current Management of Pain Series 
(Stanton-Hicks M) [Hord AH], 714 

Pain Clinic Manual, The (Abram SE) 
[Dubois M], 317 

Patient-Controlled Analgesia (Ferrante 
FM, Ostheimer GW, Covino BG) 
[Rowlingson JC], 449 

Pediatric Anesthesia, 2nd Edition 
(Gregory GA) [Lowe DA], 570 

Pediatric Pain, Volume 15 in Advances in 
Pain Research and Therapy (Tyler 
DC, Krane EJ) [Rice LJ], 215 

Post-Anaesthetic Recovery: A Practical 
Approach, 2nd Edition (Eltringham 
R, Durkin M, Andrewes $, Casey W) 
[Palahniuk RJ], 447 

Practice of Cardiac Anesthesia, The 


ANESTH ANALG 731 
1990;71:729-35 


(Hensley FA Jr, Martin DE) [Wajskol 
A], 213 
Preoperative Cardiac Assessment 
(Mangano DT) [Roy RC], 318 
Presentation Design Book Projecting a 
Good Image With Your Desktop 
Computer, The (Rabb MY). [Schreiner 
MS], 448 
Protection of the Brain From Ischemia, 
Current Neurological Practice Series 
(Weinstein PR, Faden AI) [Warner 
DS], 572 
Reflex Sympathetic Dystrophy, Current 
Management of Pain Series (Stanton- 
Hicks M, Janig W, Boas RB) [Hord 
AH], 715 
Regional Anesthesia: An Illustrated 
Procedural Guide, 1st Edition 
(Mulroy MF) [Shevde K], 107 
Smith’s Anesthesia for Infants and 
Children (Motoyama EK, Davis PJ) 
[Tyler DC], 315 
Spinal Narcotics (Rawal N, Coombs DW) 
[Waldman SD], 215 
Watchful Care: A History of America’s 
Nurse Anesthetists (Bankert M) 
[Calmes SH], 573 
Books received, 111, 216, 318, 450, 574, 717 
Brachial plexus block, see Anesthetic 
techniques, regional 
Brain 
blood flow 
dexmedetomidine effect on, halothane 
and, 125 
propofol effects on, 49 
tourniquet release, 503 
cerebrospinal fluid pressure, fentanyl, 
alfentanil effects on, brain tumor and, 
419 
convulsions 
isoniazid overdose induced, 554. 
electroencephalography 
analgesia level and, 225 
evoked potentials 
during general anesthesia, 460 
pain-related, analgesia level and, 225 
spinal anesthesia effects on, 176 
glucose metabolism and epilepsy (letter), 
708 
hippocampus 
excitability, threshold, procaine, 
diethylaminoethanol effects on, 404 
metabolism 
dexmedetomidine effect on, halothane 
and, 125 
trauma 
diabetes insipidus, cerebral protection, 
434 
Buprenorphine, see Analgesics 
Bypass, see Anesthesia, cardiovascular 


Calcium channel blockers, see - 
Pharmacology 
Capnography 
see Equipment 
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see Monitoring 


Carbon dioxide 


expired 
waveform, interpretation (letter), 711 
Cardiopulmonary bypass, see Surgery, 


see Sympathetic nervous system, reflex 
dystrophy 
Cerebrospinal fluid 
see Anesthetic techniques, spinal 
see Brain 
2-Chloroprocaine, see Anesthetics, local 
Cimetidine, see Histamine 
Complications 
carnitine deficiency, 295 
diabetes insipidus 
cerebral protection, 434 
emphysema 
subcutaneous, laparoscopy associated 
(letter), 101 
epilepsy 
atracurium resistance, anticonvulsant 
therapy, 665 
role of brain metabolism (letter), 708 
morbidity 
incidence, 113 
mortality 
incidence, 113 
myocardial infarction 
perioperative, 231 
Osler—-Weber—Rendu syndrome 
in pregnancy, 96 
porphyria 
atracurium and (letter), 440 


Contamination, see Oxygen, delivery 


Convulsions, see Brain 

Coronary artery bypass, see Surgery 
Cromolyn, see Pharmacology 

Cuffs, see Equipment 

Curare, see Neuromuscular relaxants, d- 
tubocurarine 


Denitrogenation, see Oxygen 


Double burst stimulation, see 
Measurement techniques, 
neuromuscular 

Doxacurium, see Neuromuscular relaxants 

Droperidol, see Anesthetics, intravenous 

Dystrophy, see Sympathetic nervous 
system, reflex dystrophy 

Economics 

equipment 
disposable (letter), 203 

Edrophonium, see Antagonists, 
neuromuscular 

Education 

clinical simulation 
unplanned incidents, 77 
Eisenmenger, see Heart, congenital defects 
Electrical systems 
electrocautery 
fires, 702 

Electrocardiography, see Heart, monitoring 

Electrocautery, see Electrical systems, 
Explosions 

Hlectroconvulsive therapy, see Anesthesia 

Electroencephalography 

see Brain 

see Monitoring 
Embolism 

air 


mimicked by mannitol crystals (letter), 
568 


venous, during cesarean section, 254 
pulmonary 
vasodilator therapy effects, 35 
Emphysema, see Complications 
Endobronchial 
see Anesthetic techniques 
see Equipment 
Endotracheal 
see Equipment, tubes 
see Intubation, tracheal 
Enflurane, see Anesthetics, volatile 
Enzymes 
alanine aminotransferase 
desflurane, isoflurane hepatotoxicity 
and, 249 
Epidural, see Anesthetic techniques 
Epilepsy 
see Brain, convulsions 
see Complications 
Equipment 
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sound attenuation (letter), 445 
suction 
neonatal, esophageal perforation 
(letter), 710 


tourniquet 
cerebral blood flow after release, 503 
effects of deflation (letter), 568 
tubes 
endobronchial, cuff pressures (letter), 
209 
Errata, 574 
Esmolol, see Sympathetic nervous system, 


see Monitoring, transesophageal 
Evoked potentials, see Brain 
Explosions 
fire 
electrocautery, 702 
Eye 
intraocular pressure 
halothane effects on, in children, 181 


Fentanyl 

see Analgesics 

see Anesthetics, intravenous 
Fetal, see Anesthesia, obstetric 
Fire, see Explosion 
Flunitrazepam, see Hypnotics, 

i ines 

Fluoride, see Ions 


Galanthamine, see Antagonists, 
miscellaneous 


Gastrointestinal tract 
blood flow 
epidural anesthesia effects on, 9 
esophagus 
Zenker’s diverticulum (letter), 312 
stomach 
antacids, preoperative (letter), 205 
pH and volume, fasting effects, in 
children, 400 


Halothane, see Anesthetics, volatile 
Headache, see Anesthetic techniques, 


Desflurane, see Anesthetics, volatile 
Dexmedetomidine, see Sympathetic 


capnography spinal 
nasal catheter (letter), 100 Headphones, see Monitoring 


nervous system, pharmacology cuffs Heart 
Diabetes, see Complications blood pressure, intravenous line, arrhythmias 
Diaphragm, see Muscle, skeletal backup of blood (letter), 569 isorhythmic atrioventricular 


Diazepam, see Hypnotics, b endotracheal, herniation (letter), 563 dissociation, nitrous oxide and, 602 


Diethylaminoethanol, see Anesthetics, disposable regional anesthesia and (letter), 103 
local, procaine costs (letter), 203 semantics (letter), 101 
Diltiazem, see Pharmacology endobronchial blocker ventricular, nitrous oxide and, 602 
Dobutamine, see Sympathetic nervous during one-lung anesthesia (letter), 311 cardiac output 
system, pharmacology extremity protector transesophageal Doppler 
Doppler . pediatric (letter), 204 ultrasonography, 651 
see Measurement techniques humidifier catheterization 
see Monitoring filters, 415 Eisenmenger’s syndrome (letter), 442 
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congenital defects 
Eisenmenger’s syndrome, pulmonary 
artery catheterization, m parturients 
(letter), 442 
coronary blood flow 
myocardial ischemia, inotropic 
intervention effects, 327 
idiopathic hypertrophic subaortic stenosis 
cerebral aneurysm resection in, 558 
ischemia 
nitrous oxide and, 591 


myocardial infarction 
nitrous oxide and, 591 
perioperative, 231 
Hematocrit, see Blood 
Hemodilution, see Blood 
Hemoglobin, see Blood 
Henry's Law, see Physics 
Heparin, see Blood, clotting 
Hippocampus, see Brain 
Histamine 
anaphylactic shock and (letter), 104 
History l 
Snow, John - Wood Library-Museum of 
Anesthesiology, 288 
Hormones 


prostaglandin 
prostaglandin E,, 
hypertension, hemodynamic effects, 
comparison with diltiazem, 493 
thromboxane, pulmonary 
h ion, 493 
U46619, pulmonary hypertension, 493 
Humidification 
_ airway gases 
hypothermia prevention, 415 


diazepam, morphine and fentanyl 
interaction with, 236 

diazepam, optate-induced 
antinociception antagonism by, 242 

flunitrazepam, opiate-induced 
antinociception antagonism by, 242 

midazolam, opiate-induced 
antinociception antagonism by, 242 

midazolam, sedative and hypnotic 
effects, morphine interaction with, 
137 


Idiopathic hypertrophic subaortic stenosis. 
see Heart 
Immune response 
transfusions 
inhalation anesthetics (letter), 102 


Induction 
anesthesia 
preoxygenation, in elderly, 516 
rapid sequence, vecuronium, for 
cesarean section, 185 
Insufflation, see Ventilation, tracheal 
Interactions, drag 
benzodiazepines, analgesics, 242 
benzodiazepines, opioids, 65 
d-tubocurarine, succinylcholine, 55 
midazolam, morphine, 137 
morphine, fentanyl, diazepam, 236 
nitrous oxide, halothane, 120 
statistical analysis 
nitrous oxide, enflurane (letter), 305 
Interpleural, see Anesthetic techniques, 
regional 
Intestine, see Gastrointestinal tract 
Intubation 
tracheal 
confirmation (letter), 441 
placement confirmation, pulse 


concentrations, prolonged isoflurane 
anesthesia effects on (letter), 103 
Irrigator, see Equipment 
Isoflurane, see Anesthetics, volatile 


Ketamine, see Anesthetics, intravenous 
Kidney 
diuretics 
mannitol, and air embolism (letter), 568 
function 
induced hypotension, adenosine, 
nitroprusside effects, 631 l 


Laparoscopy, see Surgery 
Laryngoscope, see Equipment 
Lasers 


see Anesthetic techniques 
see S 
Lidocaine, see Anesthetics, local 
Liver 
blood flow 
halothane effects on, 349 
halothane effects on, verapamil 
clearance and, 484 
isoflurane effects on, 349 
function 
nitrous oxide and, 606 
hepatotoxicity 
desflurane, 249 
isoflurane, 249 
oxygenation 
isoflurane, enflurane effects on, 258 
Lung 
blood flow 
pulmonary hypertension, diltiazem 
effects on, 493 


embolism 

vasodilator therapy effects on, 35 
hypoxic vasoconstriction 

cromolvyn effects on, 83 
obstructive pulmonary disease 

almitrine effects on, 475 


Mannitol, see Kidney, diuretics 
Measurement techniques 
cardiovascular 
transesophageal Doppler 
ultrasonography, 651 
neuromuscular 
double burst stimulation, 489 
pulse oximetry 
confirmation of correct tracheal tube 
placement (letter), 309 
visual analog scales 
parametric statistics for (letter), 710 
Meperidine, see Analgesics 
Midazolam, see Hypnotics, 
iazepines 
Mivacurium, see Neuromuscular relaxants 
Monitoring 
capnography 
nasal catheter for (letter), 100 


electroencephalography 
auditory evoked potentials, during 
general anesthesia, 460 


headphones for (letter), 309 
neuromuscular 
double burst stimuli, train-of-four and, 
489 


train-of-four, double burst stimulation 


transesophageal Doppler, 651 
Morbidity, see Complications 
Morphine, see Analgesics 
Mortality, see Complications 
Muscle 

skeletal 

diaphragm contractions (letter), 206 

Myocardial, see Heart 


Naltrexone, see Antagonists, opioid 
Neonatal, see Anesthesia, obstetric 
Neuromuscular relaxants 
atracurium 
cardiovascular actions, during des- 
flurane and isoflurane anesthesia, 144 
porphyria and (letter), 440 
resistance to, anticonvulsant therapy 
and, 665 
d-tubocurarine 
succinylcholine twitch augmentation 
and neuromuscular blockade effects, 
55 
doxacurium 
malignant hyperthermia and, 285 
pharmacokinetics and 


pharmacodynamics, age and, 498 
mivacurium a 
infusion, requirements in pediatric 
patients, during nitrous oxide- 
halothane and nitrous oxide-narcotic 
anesthesia, 16 
malignant hyperthermia and, 285 
monitoring 
double burst stimulation, 489 
train-of-four, 489 
pipecuronium 
pharmacology, in infants and children, 
nitrous oxide-halothane and, 362 
succinylcholine 
cardiovascular actions, during des- 
flurane and isoflurane anesthesia, 144 
twitch augmentation, d-tubocurarine 
effect on, 55 
vecuronium 
cesarean section, rapid-sequence 
intubation, 185 
Neurosurgery 
see Anesthesia, neurologic 
see Surgery 
Nifedipine, see Pharmacology, calcium 
channel blockers 
Nitroprusside 
see Anesthetic techniques, hypotensive 
see Pharmacology 
Nitrous oxide, see Anesthetics, gases 


Obstetrics, see Anesthesia, obstetric 

Opioids, see Analgesics 

Osler-Weber-Rendu syndrome, see 
Complications 

Outpatient anesthesia, see Anesthesia, 


denitrogenation 

preinduction, in elderly, 516 
hypoxemia 

postoperative, nitrous oxide and, 597 
oxyhemoglobin dissociation 

contrast media effects on, 73 


Pain 
adenosine receptor agonists effects on, 60 
causalgia 
relief of, sympathectomy failure (letter), 
313-314 
piriformis syndrome 
caudal steroid injection, 705 
postoperative 
bupivacaine-fentanyl-morphine 
intrathecal combination for (letter), 
106 
cesarean section, morphine, adverse 
reactions and analgesia, naltrexone 
and, 367 
epidural analgesic, unintended 
injection avoidance (letter), 307 
inguinal hemiorrhaphy, wound 
infiltration and (letter), 310 


Parametric, see Statistics 
Parasympathetic nervous system 
atropine 
cardiovascular action, during des- 
flurane and isoflurane anesthesia, 144 
Partition coefficients, see Solubility 
Pediatrics, see Anesthesia, pediatric 
Penile, see Anesthetic techniques, regional, 
penile block 
Pentamorphone, see Analgesics 
Peridural, see Anesthetic techniques, 


edrophonium 
in elderly, 334 
halothane, 340 
elimination, 658 
isoflurane, 340 
sevoflurane, 340 
elimination, 658 
verapamil 
halothane and, 484 
Pharmacology 
adenosine 
induced hypotension, kidney function 
effects, 631 
almitrine 
in hypoxic pulmonary vasoconstriction, 
475 


calcium channel blockers 
nifedipine, cardiopulmonary bypass 
effects, 411 | 
verapamil, clearance, reduced, 
halothane and, 484 
cromolyn 
hypoxic vasoconstriction, 83 
diltiazem 
hemodynamic effects, during 
vasoconstrictor pulmonary 
hypertension, 493 
nifedipine 
hemodynamic effects, during 
vasoconstrictor pulmonary 
hypertension, 493 
nitroprusside 
induced hypotension, kidney function 
effects, 631 
Phenylephrine, see Sympathetic nervous 
system, pharmacology, 
vasoconstrictors 
Physics 
Henry’s law 
halothane, isoflurane solubility and, 70 
Piriformis syridrome, see Pain 
Placenta 
drug transfer 
bupivacaine, 42 
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meperidine, 42 
Podophyllum, see Toxicity 
Porphyria, see Complications 
Potency, anesthetic 
nitrous oxide, 120 
Pregnancy 
anesthetic sensitivity 
bupivacaine, progesterone and, 545 
Preoxygenation, see Induction ` 
Pressoreceptors, see Receptors 
Procaine, see Anesthetics, local 
Propofol, see Anesthetics, intravenous 
Pros ins, see Hormones ` 
Protamine, see Blood, coagulation 
Psoas, see Anesthetic techniques, regional, 
psoas block 
Psychologic responses 
postoperative 
age factors, 217 
Publications — 
anesthetic jargon (letter), 101 
Pulse oximetry 
see Measurement techniques 
see Monitoring 


Radial, see Arteries 
Receptors 
adenosine 
spinal, 60 
a-adrenergic 


isoflurane-induced vasodilation and, . 
B-adrenergic, function in surgical patients, 
1 


chemoreceptors 
almitrine, hypoxic pulmonary 
vasoconstriction effects, 475 
u-, &-opiates 
interactions, in spinal cord, 23 
pressoreceptors 
thiopental, 319 
Risk 
myocardial mfarction 
perioperative, 271 


Safety, see Monitoring 
Semantics, see Publications 
Sevoflurane, see Anesthetics, volatile 
Simulation, see Education 
Snow, John, see History 
Solubility 
halothane 
Henry's law and, 70 
isoflurane 
Henry’s law and, 70 
partition coefficients 
local anesthetics, 158 
Spinal cord 
opiate receptors 
intéraction, 23 
Statistics 
drug interactions 
nitrous oxide, enflurane (letter), 305 
parametric 
visual analog scale (letter), 710 
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visual analog scale, midazolam 
recovery, flumazenil and, 371 
standard deviation or error? (letter), 209 


infarction and perioperative death 
incidence, 469 
laparoscopy 
emphysema and (letter), 101 
lasers i 


dye, incendiary potential, 171 
. neurologic ` 
stereotaxis, for brain biopsy, 
continuous alfentanil infusion for 
(letter), 312 
Sympathetic nervous system 
B-adrenergic receptors 
function in surgical patients, 1 
pharmacology 
dexmedetomidine, halothane and, 125 
dobutamine, 327 


esmolol, 384, 675 
phenylephrine, isoflurane-induced 
vasodilation and, 451 
thiopental, 319 
reflex dystrophy 
causalgia, sympathectomy failure to 
relieve (letter), 313-314 
synaptic transmission 
local anesthetic effects on, 149 


Toxicity 
desflurane 
hepatocellular, 249 
isoflurane 
hepatocellular, 249 
podophyllum 
delayed, epidural morphine and, 191 
Transfusion 
autologous 
hematocrit determinations, 541 


Ventilation 
apneic, 279 
endobronchial 


insufflation, 279 
one-lung 
hypoxemia during, continuous positive 
airway pressure and, 92 
pentamorphone effects, 377 
tracheal insufflation, 684 
Verapamil 
see Pharmacokinetics 
see Pharmacology 
Visual analog scale 
see Measurement techniques 
see Statistics, parametric 
Vitamins 
Bi 
metabolism, nitrous oxide effects on, 
610 
folic acid 
metabolism, nitrous oxide effects on, 
610 


Wood Library-Museum, see History 


Zenkers diverticulum, see Gastrointestinal 
tract, esophagus 
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MEETING SCHEDULE: Registration: Friday, March 8, 1-6 PM 
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Exhibits: Saturday—Monday, March 11 


SCIENTIFIC PROGRAM 
T.H. Seldon Distinguished Lecture, Sunday, March 10, "Anesthesiology and its Journals” 
Nicholas M. Greene, MD, Emeritus Professor of Anesthesiology, 
Yale University School of Medicine, New Haven, Connecticut, 
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REVIEW COURSE LECTURES: 


MD Abel, MD — Transesophageal Echocardiography — Its Real Role in Clinical Anesthesia 

PG Barash, MD — Preoperative Assessment of the Patient With Cardiac Disease 

DR Bevan, Mp, and RD Miller, MD — Anesthesia Literature — A Critical Approach to Reading and Writing 

DR Cook, MD — Anesthetic Management of Neonatal and Infant Surgical Emergencies 

MJ Cousins, MD — The Injury Response and the Prevention of Postoperative Pain 

BG Covino, MD — New Techniques in Regional Anesthesia 

N Ellison, MD — Blood Transfusions — When and What? 

M Finster, MD — New Trends in Obstetric Pain Relief 

AB Froese, MD — Ventilator-Related Lung Injury — New Concepts 

TJ Gal, Mp — Anesthesia and Gas Exchange — HPV, FRC, CC, and Other Acronyms 

DE Longnecker, MD — The Case for Perioperative Blood Pressure Control 

M Maze, MD — Alpha-2 Agonists and Anesthesia 

SC Nicolson, MD — Perioperative Fluid Management in the Pediatric Patient 

WS Nimmo, MD — Alternate Modes of Drug Delivery 

GW Ostheimer, MD — Contemporary Issues in Obstetric Anesthesia 

RG Pearl, MD — Sepsis — Etiology and Management 

DS Prough, MD — Anesthetic Management of the Patient With Head Trauma 

C Prys-Roberts, DM — Total Intravenous Anesthesia — Assessment of Adequacy 

JG Reves, MD — Physiology of Cardiopulmonary Bypass 

JJ Savarese, MD — Does the Choice of Muscle Relaxant Really Matter? 

S Slogoff, MD — Outcome Studies in Anesthetic Data — A Perspective 

NT Smith, MD — Perioperative Anesthetic Data — What to Do With It? 

RK Stoelting, MD — Allergy and Anesthesia 

JH Tinker, MD — How?/Should?/Does? Malpractice Litigation Affect Anesthetic Practice? 

PF White, MD — Monitored Anesthesia Care — Appropriate Use of Adjuvant Drugs 

MP Yeager, MD — The Role of Regional Anesthesia in Improving Surgical Outcome 
PANELS 


ANESTHESIA MACHINES AND VENTILATORS — Saturday AM, March 9 
NW Lawson, MD, Moderator; JJ Andrews, MD, J] Condurso, North American Drager, and JB Biondi, Ohmeda 


YOU, THE ANESTHESIOLOGIST IN COURT — A MOCK MEDICAL MALPRACTICE TRIAL 
(Based on an actual case) — Saturday PM, March 9 
DH Morrow, MD, Moderator; Hon. D Hittner, F Stein, MD, TP Sartwelle, Esq., RJ Swift, Esq. 


EMERGENCY AIRWAY MANAGEMENT — Monday AM, March 11 
MS Gorback, MD, Moderator; JL Benumof, MD, EJ Krane, MD, CB Watson, MD 


LEGISLATIVE UPDATE — LUNCHEON SESSION — Sunday, March 10 
BP Stephenson, MD, and AC Lang, representing American Society of Anesthesiologists 


CLINICAL AND RESEARCH PRESENTATIONS 


More than 300 clinical and research papers will be presented in concurrent oral and poster sessions. 


REGISTRATION * CME CREDIT ° AIR TRAVEL * HOTELS 

FEES: LIARS Members — $275 ($300 on site) Non-members — $450 ($475 on site) 

LARS Educational Members — No fee Non-member residents — $50 (with certification) 
CME CREDIT: Category 1 — 28 hours 
DELTA SPECIAL AIRFARES: Discounted fares for IARS meeting registrants. For details call 1-800-241-6760, File No. P-0095. 
HOTELS: The Marriott Rivercenter will serve as headquarters hotel where all meetings and exhibits will be held. A limited 
number of additional rooms have been blocked at the St. Anthony. Reservation forms to be included in the December mailing 
must be used to obtain the discounted rates of [ARS meeting registrants. 


Committed, Authoritative 


Coverage for Over 25 Years 
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ca — 
Official Journal of The Society of Thoracic Surgeons and 
the Southern Thoracic Surgical Association 


Editor: Thomas B. Ferguson, M.D., 
Bames Hospital, St. Louis, MO 
For over 25 years, The Annals of Thoracic Surgery has 
provided outstanding original coverage of recent progress in 
chest and cardiovascular surgery and related fields. A forum for 
the exchange of knowledge and ideas for all thoracic surgeons, 
this timely journal features case reports, “How To Do It” articles. 
collective reviews, book reviews, editorials, letters to the editor. 
and supplements for symposia. 


Authoritative — As the official journal of The society of Thoracic 
Surgeons and the Southern Thoracic Surgical Association. The 
Annals enjoys outstanding editorial leadership and maintains 
rigorous selection standards. 


Clinically Oriented — If you're the kind of professional who's 
always looking for improved techniques that will make life easier 
for your patients (and yourself), The Annals of Thoracic Surgery 
is ideally suited to help you. 


Comprehensive — As a subscriber, you'll enjoy not only timely 
articles dealing with conditions of the heart, lungs, esophagus, 
and great vessels, but also research papers on a wide variety of 
related thoracic and cardiovascular topics. 

1990 Subscription Information, Vol. 49, 50 (12 issues) 

ISSN 0003-4975 
Personal Rate: $75.00* Institutional Rate: $116.00 
Intern/Resident Rate: $55.00 

Subscribers in the U.S., Canada. or Mexico may request air delivery for 
an additional $60.00. Subscribers outside the U.S. must add one of the 
following postage options: $24.00 (surface delivery); $60.00 (surface air 
lift/Europe); $75.00 (surface air lift/Japan): $145.00 (air/Rest of World). 
Note: *Personal rate is available to individuals at home addresses or 
medical institutions. Subscriptions begin with the first month after 
processing of your order unless otherwise indicated. Rates valid through 
December 31, 1990. Please allow 6-8 weeks for delivery of the first issue. 
Subscriptions begin upon receipt of payment. 
Contact us at the address below to order your subscription or 
a free sample copy. For even faster service, call (212) 633-3950 
or Fax (212) 633-3880. 
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CHAIRPERSON, 
DEPARTMENT OF 
ANESTHESIOLOGY 


The Medical College of Pennsylvania is seeking 
a physician to chair its Department of 
Anesthesiology who exhibits strong clinical 
academic leadership with a commitment to 
excellent patient care, teaching and clinical 
research. There should also be a clear 
commitment to the initiation of a residency 
program. The closing date for applications is 
January 1, 1991. 


Send a recent C.V. and the names and 
addresses of three references to Dr. Jay 
Roberts, Department of Pharmacology, 
Medical College of Pennsylvania, 3200 
Henry Avenue, Philadelphia, PA 19129. 
MCP is an equal opportunity/affirmative action 
employer. 
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Anesthesiologist 


BC/BE to join group of 15 anes- 
thesiologists in multispecialty 
clinic. Located midwest commu- 
nity of approximately 20,000. 
Excellent benefit package. Duties 
include O.H., Neuro, O.B., and 
pain work if desired. Please send 
C.V. or call: 













Debra K. Schuster, M.D. 
Department of Anesthesiology 








1000 North Oak Avenue 
Marshfield, WI 54449 
715-387-7179 










Marshfield Cinic 








ANESTHESIOLOGIST 


The Saudi Arabian Oil Company’s (SAUDI ARAMCO) 
Medical Services Organization in Saudi Arabia needs an 
Anesthesiologist to join a staff of twenty-two. American Board 
Certification and 2 years’ experience after residency 
required. 


Saudi Aramco’s medical facilities provide comprehensive 
medical care to our employee’s and their dependents. The 
patient population is approximately 200,000. The Dhahran 
Health Center, recently expanded to 483-beds, has all major 
specialty services as well as most sub-specialties and functions 
as a referral center. The district clinics each have out-patient 
and emergency facilities including one clinic with a new 80- 
bed hospital. 


Employment with Saudi Aramco will provide you with an 
interesting lifestyle in a multicultural environment with com- 
fortable family living arrangements. Benefits include free 
medical care while in Saudi Arabia, fine schools and a broad 
spectrum of recreational opportunities. We provide an attrac- 
tive compensation package including an expatriate premium 
plus 36 calendar days of vacation annually, allowing for 
extensive travel. 


For immediate consideration, PLEASE CALL OUR 24 
HOUR, 7 DAYS PER WEEK TOLL-FREE NUMBER 
1-800-221-3333, EXT. R11. 


SAUDI ARAMCO 


World Class Opportunities 


in S 
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ANESTHESIOLOGY RESIDENCY POSITIONS 
Electronic Bulletin Board listing available. 
Residency positions for CA-1 through CA-3 
and fellowship years in anesthesiology. 
Use telecommunication software on a com- 
puter (300 or 1200 baud, 8 data bits, 1 stop 
bit, no parity) to call (716) 473-4246, answer 
“yes” to the first question, and then follow 
the menus. This is a service provided by 
the Association of Anesthesiology Program 
Directors and the Department of Anesthe- 
siology at the University of Rochester, 
Rochester, New York. 

424F/L 


TENNESSEE 
Anesthesiologist: Periodically full-time po- 
sitions become available at the level of 
Instructor/Assistant Professor. Applicants 
must be board-certified or in the board 
process and be interested in resident teach- 
ing and clinical research. Tennessee license 
required. If you would be interested in 
having your name on file, please reply with 
curriculum vitae to John T. Chesney, MD, 
Interim Chairman, Department of Anesthe- 
siology, University of Tennessee Medical 
Center at Knoxville, 1924 Alcoa Highway, 
Knoxville, TN 37920. UTMC is an Affir- 
mative Action/Title [X/Section 504 Em- 
ployer. 

436F/L 


OHIO 
Anesthesiologist, University Hospitals. 
Must be at least board eligible. Equal op- 
portunity/affirmative action employer. 
Send curriculum vitae to Helmut F. 
Cascorbi, MD, PhD, Professor and Chair- 
man, Department of Anesthesiology, Uni- 
versity Hospitals of Cleveland, 2074 Abing- 
ton Road, Cleveland, OH 44106. 

446G/L 


LOUISIANA 

Anesthesiologist. Board-certified or -eligi- 
ble anesthesiologist to fill clinical faculty 
positions at a University Medical Center. 
The position responsibilities include ad- 
ministration of anesthesia, teaching of res- 
idents, and supervision of CRNAs. Encour- 
agement will be given to initiate or 
participate in research. Faculty rank and 
salary will be commensurate with experi- 
ence. Louisiana State University Medical 
Center, School of Medicine in Shreveport is 
an affirmative action/equal opportunity em- 
ployer. Send curriculum vitae to D. Richard 


Davis Il, MD, Chairman, Department of 

Anesthesiology, LSU Medical Center, P.O. 

Box 33932, Shreveport, LA 71130-3932. 
468H/A 


PACIFIC NORTHWEST 

Position available for board certified or 

soon to be board certified anesthesiologist. 

Send CV and date available to Box 472H/A. 
472H/A 


CARDIOTHORACIC ANESTHESIA 
FELLOWSHIP 
Washington University Medical Center. 
Applications are being accepted for 6- or 
12-month fellowship (CA-4) starting in 
1991. Full spectrum of adult cardiothoracic 
anesthesia including arrhythmia surgery, 
and active heart and lung transplantation 
program. Research opportunities are avail- 
able. Address correspondence with CV and 
names of three references to Demetrios G. 
Lappas, MD, Director, Division of Car- 
diothoracic Anesthesia, Washington Uni- 
versity Medical Center, 660 South Euclid 
Campus Box 8054, St. Louis, MO 63110. 
4831/L 


ANESTHESIOLOGIST 
BC/BE to join the medical staff of a small, 
rural community hospital. All types of an- 
esthesia. Sport enthusiast’s paradise, of- 
fering water skiing, fishing, and hunting. 
Send CV to Administrator, Abrom Kaplan 
Memorial Hospital, 1310 West 7th Street, 
Kaplan, LA 70548. 

4961/L 


FULL-TIME ANESTHESIOLOGIST 

BC or BE to join a group of anesthesiolo- 
gists and CRNAs providing all types anes- 
thesia coverage, though little obstetrical, to 
three hospitals and a day surgery facility in 
a southwest Louisiana city of approxi- 
mately 75,000. Please send CV to 1415 18th 
Street, Lake Charles, LA 70601. 


ILLINOIS 

Large, well-established, single-specialty 
group of anesthesiologists seeks additional 
BC/BE anesthesiologists. Challenging op- 
portunity for those interested in a broad- 
based practice. All surgical subspecialties 
represented. Minimal OB and pain man- 
agement. Early partnership. Please send 


CV to Associated Anesthesiologists, S.C., 
5401 North Knoxville, Suite #49, Peoria, IL 
61614. 

511J/C 


DEPARTMENT OF ANESTHESIOLOGY, 
UNIVERSITY OF CALIFORNIA, 
SAN DIEGO is recruiting for four faculty 
ositions at all ranks. One position is the 

irector of the UCSD Pain Management 
Program. Applicants for this position must 
have experience in all aspects of inpatient 
and outpatient pain management and have 
extensive experience in pain research and 
treatment. Applicants must demonstrate 
motivation to expand a pain management 
center and be able to direct a clinical pain 
research program involving protocol driven 
human studies. The three other positions 
require experience in teaching and clinical 
training, patient care, and research interest 
or experience is preferred. One position 
requires demonstrated experience in critical 
care. One pon requires subspecialty 
training and experience in obstetric anes- 
thesia. One of the four positions may be 
tenured track. Otherwise the positions are 
nontenured track. Rank and salary com- 
mensurate with experience and based on 
the UCSD School of Medicine Faculty Com- 
pensation Plan. Must be board certified or 
oard eligible in Anesthesiology and a Cal- 
ifornia Medical License is required. Posses- 
sion of a certificate of special qualifications 
in Critical Care Medicine or eligibility to 
take the qualifying exam is required for the 
critical care position. Please send letter, 
curriculum vitae, and names/addresses of 
three references to Harvey M. Shapiro, 
MD, Department of Avesthesialo xy, 
H-770-A, University of California San Di- 
ego Medical Center, 225 Dickinson Street, 
San Diego, CA 92103. The University of 
California, San Diego, is an Equal Oppor- 
tunity/AA Employer. All ap sheations re- 
ceived by December, 31, 1990 will receive 
thorough consideration. 

518J/L 


ATLANTA, GEORGIA: PAIN CONSULTANT 
Position available for BC anesthesiologist 
pain consultant, Pain Management Serv- 
ices, Department of Anesthesiology in 500- 
bed acute-care hospital. Significant OR an- 
esthesia required as well on a rotating 
basis. Applicant must have minimum of 
one year fellowship in pain and have expe- 
rience in all aspects of acute, chronic, and 
cancer pain control including proficiency in 
neural blockade as applied to pain manage- 
ment. Replies with CV to Box 519J/L 
519J/L 
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PEDIATRIC ANESTHESIA FELLOWSHIP 
The Department of Anesthesiology, Co- 
lumbia-Presbyterian Medical Center, is of- 
fering a fellowship in pediatric anesthesia 
at the Babies Hospital. The program is 
designed for individuals at the CA4, or 
CA3 and 4 level, who are interested in 
pursuing academic careers. Interested indi- 
viduals should contact Peter Rothstein, 
MD, Director, Division of Pediatric Anes- 
thesia, Babies Hospital, BN 440, 622 West 
168th Street, New York, NY 10032. 

520J/L 





MISSOURI 
Anesthesiologist, BE/BC needed to join 
hospital-based group practice in St. Louis 
area. CRNA supervision required. All spe- 
cialties except open heart. Excellent salary 
and fringe benefits package. Send CV to 
Michael Stelmacki, 1 Insurance Center, 
Suite 101, Creve Coeur, MO 63141 

521J/L 


CALIFORNIA 
From time to time faculty positions as an 
Assistant Professor become available in the 
Regular Professorial Series (Tenure Track) in 
the UCLA Department of Anesthesiology. 
Candidates are required to show evidence 
or promise of research productivity and 
scholarly writing. Other requisites include 
clinical and teaching skills; commitment to 
discovery; eligibility for a California Medi- 
cal License; ABA certification or in process. 
Address correspondence with five refer- 
ences and curriculum vitae to Stuart F. 
Sullivan, MD, Department of Anesthesiol- 
ogy, UCLA School of Medicine, Los Ange- 
les, CA 90024-1778. UCLA is an Affirmative 
Action, Equal Opportunity Employer. 
526J/C 


CALIFORNIA 
Faculty positions in the Clinician-Teacher 
Academic Professorial Series in the UCLA 
Department of Anesthesiology are avail- 
able. We are interested in all anesthesia 
subspecialties. Requisites include eligibility 
for a California Medical License and ABA 
certification or in process. Address corre- 
spondence with five references and curric- 
ulum vitae to Stuart F. Sullivan, MD, De- 
partment of Anesthesiology, UCLA School 
of Medicine, Los Angeles, CA 90024-1778. 
UCLA is an Affirmative Action, Equal Op- 
portunity Employer. 

527)/C 


ANESTHESIOLOGISTS, MISSOURI 
Anesthesiologists needed at assistant, asso- 


ciate, and professor levels. Must be board 
certified or board eligible. Duties include 
patient care, resident and medical student 
teaching, and research. Positions available 
at the University of Missouri-Columbia 
Health Sciences Center. Interested appli- 


cants send Curriculum vitae to G.W.N. 
Eggers, Jr., MD, Professor and Chairman, 
Department of Anesthesiology, University 
of Missouri Health Sciences Center, Co- 
lumbia, MO 65212. 

529K/A 


FELLOWSHIP—PEDIATRIC 
ANESTHESIOLOGY 
The Department of Anesthesiology of Co- 
lumbus Children’s Hospital is expanding 
its fellowship program. Positions are cur- 
rently available for a 1-year fellowship in 
pediatric anesthesiology. Children’s Hospi- 
tal of Columbus, Ohio is a 313-bed general 
pediatric institution with a surgery case- 
load of 13,000-14,000 cases per year. All 
pediatric surgical specialities are repre- 
sented with large case loads in pediatric 
neurosurgery and cardiovascular surgery. 
Regional anesthesia in infants and children 
along with acute/chronic pain management 
experience is available. An active trans- 
plantation service is present. Opportunity 
for research is provided under the guidance 
of a full-time director of research. Inquiries 
should be submitted to J. David Martino, 
MD, Chairman, Department of Anesthesi- 
ology, Columbus Children’s Hospital, Co- 
lumbus, OH 43205. 

531K/D 


GEORGIA 
BC/BE anesthesiologist needed to join pri- 
vate practice in the Atlanta area. Position 
available for July 1991. No hearts. Send CV 
to WS, 31 Hanarry Drive, Lawrenceville, 
GA 30245 or (404) 995-4680. 

532K/D 


CALIFORNIA 

Anesthesiology, Pain Management Fellow- 
ship, UC Irvine. The University of Califor- 
nia, Irvine, Department of Anesthesiology 
is accepting applications for CA4 fellow- 
ship positions in Pain Management. The 
rapidly expanding Pain Management Cen- 
ter at UC Irvine offers extensive clinical 
experience and education in all aspects of 
acute and chronic pain. With the addition 
of six new Pain Management faculty, there 
is extensive emphasis on the teaching of 
regional anesthetic techniques, invasive 
and noninvasive chronic pain regimens, 
and involvement of other disciplines. The 
clinic for chronic pain provides services to 
all types of pain patients, and the large 
University Medical Center is an excellent 
medium for the use of standard and sophis- 
ticated acute pain modalities. In addition to 
developing clinical expertise in pain man- 
agement, our fellows get involved in re- 
search projects with the help of a full-time 
research assistant. Six-month or one-year 
fellowships are available. MD degree and 
California license are required. Send curric- 
ulum vitae and three references to Carl A. 
Hess, MD, Director, Pain Management 
Center, Department of Anesthesiology, 


University of California, Irvine, 101 City 
Drive South, Route 81A, Orange, CA 
92668; (714) 634-6437. The University of 
California, Irvine is an equal opportunity 
employer. 

541K/A 


FELLOWSHIP—CARDIAC ANESTHESIA 
The Department of Anesthesia, University 
of Toronto is accepting applications for a 
12-month fellowship beginning January 1, 
1991 or July 1, 1991. Experience and train- 
ing will include all aspects of cardiac anes- 
thesia, ICU, and/or clinical research for 
2000 open heart patients per year. Candi- 
dates must have completed a recognized 
anesthesia training program and be eligible 
for academic licensure. Inquiries, CV, and 
three references should be addressed to 
Sallie J]. Teasdale, MD, Director of Cardiac 
Anesthesia, The Toronto Hospital, 200 Eliz- 
abeth Street, Toronto, Ontario, Canada, 
M5G 2C4. 

542L/A 


PAIN MANAGEMENT TRAINING AND 
PRACTICE 

Looking for physicians interested in pain 
management. Graduates of pain fellow- 
ships and anesthesiology residencies are 
encouraged to apply. Will also consider 
and train physicians from other specialties 
who are interested in changing directions 
and going into the professionally and fi- 
nancially rewarding practice of pain man- 
agement. 

Training will be done in a busy, private 
practice, intervention-oriented pain man- 
agement center, located in Dallas, Texas. 
The center emphasizes a wide variety of 
pain-relieving procedures with manage- 
ment of psychological and physical rehabil- 
itation aspects in the patient’s care. Atten- 
tion will also be given to development of 
administrative knowledge in the manage- 
ment of a private pain practice. After train- 
ing, physicians may be able to join our 
staff, or get our help and support in devel- 
oping their own challenging and poten- 
tially lucrative pain management practices. 

Training period may vary from 3 months 
to 1 year, depending on previous training. 
Compensation during training is highly 
competitive and after training it is poten- 
tially outstanding. Texas license is re- 
quired. Please send CV to P.O. Box 802314, 
Dallas, TX 75380-2314; or call (214) 239-2190 
for more information. 

543L 


MISSOURI 

The Department of Anesthesiology of St. 
Louis University School of Medicine is 
seeking board-qualified or certified full- 
time faculty to fill newly created positions 
to meet the needs of the expanding resi- 
dency program and new expanding hospi- 
tal facility. Training and interests in the 
subspecialty areas of pediatrics, cardiovas- 


s= 


cular, and neuroanesthesia are desirable. 
These clinical/teacher positions will also 
promote academic interests and research 
development. Participation in the resi- 
dency training program is essential. The 
university is committed to affirmative ac- 
tion. Inquiries should be directed to John F. 
Schweiss, MD, Chairman, Department of 
Anesthesiology, St. Louis University 
School of Medicine, 3635 Vista Avenue at 
Grand Boulevard, St. Louis, MO 63110- 
0250; telephone (314) 577-8750. 

544L/D 


ANESTHETIST 

A vacancy exists for an anesthetist with 
FRCPC or eligibility for same, to join the 
academic staff of Memorial University of 
Newfoundland, Faculty of Medicine. The 
successful candidate must be eligible for 
licensure in Newfoundland. 

Clinical responsibilities would be primar- 
ily at the General Hospital—Health Sci- 
ences Centre, which is the adult tertiary 
care center for the province of Newfound- 
land and Labrador. The Hospital has a 
well-developed multidisciplinary Intensive 
Care Unit and a Pain Clinic in which the 
Discipline of Anesthesia has a high profile. 
The Discipline of Anesthesia has a major 
interest in the University’s newly estab- 
lished hyperbaric facility, which consists of 
a four-chamber diving complex (including a 
vertical wet chamber) rated at 1000 feet of 
seawater depth and capable of mixed gas 
saturation diving as well as hyperbaric 
oxygen therapy. An interest in research is 
essential; a special interest in hyperbaric 
medicine would be an advantage. 

In accordance with Canadian Immigra- 
tion requirements, this advertisement is 
directed to Canadian citizens and perma- 
nent residents of Canada. Write for further 
information to Henry J. Manson, MB, ChB, 
FFARCS, FRCPC, Professor and Chairman, 
Discipline of Anesthesia, Faculty of Medi- 
cine, Memorial University of Newfound- 
land, St. John’s, NF, Canada AIB 3V6. 

545L 


CRNA 
Opening for CRNA in a 250-bed teaching 
medical center with significant trauma vol- 
ume. Located 100 miles north of Los Ange- 
les in an “All-American” city of 175,000, 
and close to many excellent recreational 
areas. Compensation and benefits are com- 
petitive. Quality of life exceptional. For 
more information, contact Human Re- 
sources, Kern Medical Center, 1830 Flower 
Street, Bakersfield, CA 93305; (805) 326- 
2643, FAX (805) 326-2229. 

546L/A 


CHAIRPERSON—DEPARTMENT OF ANES- 
THESIA 

Kern Medical Center seeks a Chairperson, 
Department of Anesthesia, who will forma 
corporation and independently contract for 
anesthesiologists’ services to the Medical 


Center. The Corporation is to engage six (6) 
full-time anesthesiologists including the 
Chairperson. Kern Medical Center is a 240- 
bed teaching institution with a large emer- 
gent, OB and Neuro volume serving as a 
trauma center. Excellent quality of life is 
offered in an “All-American” city with a 
moderate cost of living, warm climate, and 
varied recreational activities. 

Requires board certification, a California 
license, and five or more years of clinical 
practice experience. Chairperson will be 
eligible for a UCLA faculty appointment. 
Send resumes to Anesthesia Search Com- 
mittee, Room C-150, Kern Medical Center, 
1830 Flower Street, Bakersfield, CA 93305. 

547L/B 


ANESTHESIOLOGIST 
Board  eligible/certified anesthesiologists 
with California license to join group con- 
tracting services for Kern Medical Center, a 
busy teaching institution in growing area of 
350,000 and an “All-American” city. If in- 
terested, submit resume to Search Commit- 
tee, Room C150, Kern Medical Center, 1830 
Flower Street, Bakersfield, CA 93305. 
548L/B 


NEW YORK: Fellowship—Neuroanesthesia 
Clinician-investigator positions available 
for physicians who have completed their 
CA3 anesthesia vear. Clinical responsibili- 
ties would include supervision and teach- 
ing of residents for a wide variety of neu- 
rosurgical cases, with special emphasis on 
cerebrovascular procedures. Research op- 
portunities include a multidisciplinary pro- 
gram to investigate human cerebrovascular 
autoregulation using cerebral blood flow 
methodology both in and out of the oper- 
ating room. Please send CV and names of 
three references to Edward D. Miller, Jr, 
MD, Professor and Chairman, Department 
of Anesthesiology, Columbia Presbyterian 
Medical Center, 622 West 168th Street, 
New York, NY 10032. 

549L 


RECRUITMENT FOR CERTIFIED REGIS- 
TERED NURSE ANESTHETIST (CRNA) 
Rapidly expanding VA Medical Center in 
Dublin, Georgia is actively recruiting for a 
CRNA. Special salary rate of up to $63,901 
is available to suitably qualified candidate. 
Benefits include generous salary, 5 weeks 
paid vacation, and 13 days earned sick 
leave per year, health plan, life insurance, 
federal retirement system and continuing 
education seminars. For further informa- 
tion, contact K. R. Varma, MD, chief of 
surgery, telephone (912) 272-1210, Ext. 215 
or E. Gordon King, chief of staff, telephone 
(912) 272-1210, Ext. 202, VA Medical Cen- 
ter, Dublin, GA 31021. English language 
proficiency required for all direct patient 
care positions. An equal opportunity em- 
ployer. 

50L 
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YALE UNIVERSITY SCHOOL OF MEDICINE: 
Department of Anesthesiology 
From time to time, faculty positions are 
available for both clinical anesthesiologists 
and research staff. These appointments are 
for immediate and future placement. Please 
respond before December 31, 1990 by send- 
ing your CV to Paul G. Barash, MD, Chair- 
man, Department of Anesthesiology, Yale 
University School of Medicine, P.O. Box 
3333, New Haven, CT 06510. Yale is an 
Affirmative Action Employer and provides 
equal opportunities for employment to all 
applicants. 

551L 


THE UNIVERSITY OF BRITISH COLUMBIA: 
Head, Department of Anaesthesia 

The Faculty of Medicine, University of Brit- 
ish Columbia invites applications and nom- 
inations for the position of Head of the 
Department of Anaesthesia. We seek an 
academic leader to be responsible for di- 
recting and developing the teaching and 
research programs of the department, 
which functions in seven teaching hospitals 
in Vancouver. The Department has four 
full-time and 103 clinical part-time faculty 
members. A candidate should hold a spe- 
cialty qualification in anaesthesia and have 
a proven record of scholarly activity, exten- 
sive clinical experience, and a commitment 
to undergraduate and graduate medical ed- 
ucation. Starting date will be July 1, 1991. 
Salary will be commensurate with experi- 
ence and qualifications. 

The University of British Columbia is 
committed to the Federal Government's 
employment equity program and encour- 
ages applications from all qualified individ- 
uals. In accordance with Canadian Immi- 
gration requirements, priority will be given 
to Canadian citizens and permanent resi- 
dents. Applications, accompanied by a de- 
tailed curriculum vitae and the names of 
two individuals for references, should be 
directed by January 31, 1991 to Dr. M. J. 
Hollenberg, Dean, Faculty of Medicine, 
Room 317, Instructional Resources Centre, 
University of British Columbia, 2194 Health 
Sciences Mall, Vancouver, BC V6T 1W5, 
Canada. 

553L 


PENNSYLVANIA 

Chairman of Anesthesiology. Northeastern 
Hospital of Philadelphia, a 231-bed acute- 
care community hospital, is seeking a 
board-certified anesthesiologist to accept 
the position as Chief of Anesthesia. This is 
an excellent opportunity for the successful 
candidate to build an aggressive depart- 
ment in a respected hospital performing 
approximately 7000 surgical cases a year. 
Northeastern has a progressive Depart- 
ment of Surgery and a hospital medical 
staff with a proven record of quality health 
care delivery. Interested candidates should 
send a resume to Lawrence Solish, MD, 
Chairman, Search Committee, Northeast- 
ern Hospital, 2301 East Allegheny Avenue, 
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Philadelphia, PA 19134. Equal Opportunity 
Employer. 
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UNIVERSITY OF CALIFORNIA, SAN FRAN- 
CISCO, DIRECTOR OF RESIDENT AFFAIRS 
Faculty position available for board-certi- 
fied/eligible anesthesiologist. Must have at 
least 5 years of postgraduate training, in- 
cluding research or other clinical training. 
As Director of Resident Affairs, incumbent 
will act as liaison between faculty and res- 
idents, and the Chairman in relation to all 
aspects of residency program. Incumbent 
will be responsible for the efficient running 
of the resident office and will be responsi- 
ble for recruitment, education, and daily 
operation of the residency program. Under 
its umbrella, this position will also be re- 
sponsible for medical students and post- 
doctoral fellows. Duties also include pa- 
tient care, resident and medical student 
teaching, and research or specialized clini- 
cal activity. Special areas of interest may 
include any aspect of anesthesia. California 
medical license required. Send correspon- 
dence, curriculum vitae and list of profes- 
sional references to Ronald D. Miller, Pro- 
fessor and Chairman, Department of 
Anesthesia, Box 0648, Room C-455, 521 
Parnassus Avenue, University of Califor- 
nia, San Francisco, CA 94143-0648. The 
University of California is an Equal Oppor- 
tunity Employer. 
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ANESTHESIOLOGIST(S) 
The Department of Anesthesia, University 
of California, San Francisco, seeks candi- 
dates at the assistant or associate level(s) 
for teaching and clinical responsibilities at 
the Veterans Administration Hospital in 
San Francisco. Candidates must have train- 
ing in clinical cardiovascular research. The 
ongoing research studies are multidiscipli- 
nary and multicenter, addressing perioper- 
ative ischemia and morbidity. The Univer- 
sity of California is an Equal Opportunity 
Affirmative Action Employer. Please for- 
ward curriculum vitae and three references 
to Ronald D. Miller, MD, Professor and 
Chairman, or, Dennis Mangano, MD, PhD, 
Professor, Department of Anesthesia, 
UCSF, 521 Parnassus Avenue, Box 0648, 
Room C-455, San Francisco, CA 94143- 
0648. 
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MAINE 
BC or BE MD to join group of three MD 
anesthesiologists and four CRNAs, in the 
practice of anesthesia, intensive care and 
respiratory care. Phone (207) 622-1959 from 
8:30 AM to 3:30 pM. Write to Chief of Anes- 
thesia, Kennebec Valley Medical Center, 6 
East Chestnut Street, Augusta, ME 04330. 
560L/E 


BE/BC ANESTHESIOLOGIST 

SW PA, 300-bed, modern community hos- 

pital to work with 3 MDs and CRNAs. 

Competitive starting salary with malprac- 

tice and BC/BS. No open heart, minimal 

OB, minimal neuro. Reply to box 561L/B. 
561L/B 


PENNSYLVANIA 
Anesthesiologist. Board-certified or board- 
eligible to join a five-member group provid- 
ing CRNA supervised anesthesia. Commu- 
nity hospital, 90 minutes from Pittsburgh, 
with 11,000 cases per year, including open 
heart. Excellent fringe benefits, early part- 
nership, cardiac or pain experience pre- 
ferred. Reply to Box 562L. 

562L 


NEW YORK 
CA 3 or 4 fellowship positions at Memorial 
Sloan-Kettering Cancer Center beginning 
July 1991. Straight clinical and clinician- 
investigator opportunities available in crit- 
ical care medicine, pain management, and 
anesthesia for thoracic surgery. Send CV 
and summary of career goals to Mary E. 
Fischer MD, Director of Anesthesia Train- 
ing, Department of Anesthesiology and 
Critical Care Medicine, Memorial Sloan- 
Kettering Cancer Center, 1275 York Ave- 
nue, New York, NY 10021. 
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DIRECTOR OB ANESTHESIA 
Board-certified, 1-year OB fellowship, sev- 
eral years practice with administrative 
experience. Call (301) 365-7580. Write 
Director of Anesthesia, Columbia Hospital, 
2425 L Street NW, Washington DC 20037. 
565L/A 


BE PREPARED FOR YOUR ORAL BOARDS! 
Let three board-certified academic anes- 
thesiologists instruct YOU through person- 
alized practice exams. Individual and 
group critiques are provided during this 
intensive weekend course held in Ann 
Arbor, Michigan and Orlando, Florida. 
Approved for category I CME credits. 
Class size limited. Past participants can 
verify success. Inquire to ACE Oral 
Boards, Inc., 21518 Garrison Avenue, Dear- 
born, MI 48124; or call (313) 561-3744 or 
(407) 352-9138. 
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TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

The unique feature of these tutorials is the 
small group size. The personalized format 
with a maximum of four students in a 
session allows your performance to be eval- 
uated throughout the session and permits 
you to raise questions for discussion. Tu- 


toring for the written and oral exams are 
given separately. The sessions are held in 
San Francisco and New York and are given 
in blocks of 3 days. FOR THE WRITTENS, 
essential test-taking skills are taught for 
dealing with multiple-choice questions. 
The basic sciences are stressed. FOR THE 
ORALS, mock orals are practiced using the 
guided case discussions which meet the 
Board’s stated objectives. All students will 
receive study programs for use following 
these sessions. CALL 415-321-1117. 

5051/B 


Dial 1-800/RENT-A-DOC 
For anesthesiologists and CRNAs. We can 
provide you with quality locum tenens 
services to meet your specific coverage 
needs. Or work locum tenens with us for a 
change in both your practice and your 
lifestyle. ReplaceMed * 1-800/736-8236 * PO 
Box 640 * Michigan City, IN 46360. 
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(800) FAST-GAS 
The number that hundreds of hospitals 
nationwide have called for permanent and 
temporary anesthesia services. The number 
that thousands of anesthesia professionals 
have called to secure permanent and tem- 
porary positions nationwide. Bay Area An- 
esthesia, Inc. 1-800-327-8427 for years of 
professional anesthesia service. 
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J. STEPHENS MAYHUGH AND ASSOCIATES 
LOCUM TENENS ANESTHESIA SERVICES 
Providing top-quality CRNAs to meet your 
specific needs. Our CRNAs are screened to 
assure quality in performance as well as 
personal stability. License verification, cur- 
riculum vitae, references procured by us, 
AANA recertification, malpractice verifica- 
tion are supplied to you. Call 1-800-426- 
2349 any time. 

552L/E 


A WEEKEND OF PRACTICE ORAL EXAMS 
Practice exams, not lectures. We are the 
original course in this format. 20 hours 
Category I CME credit, two board-certified 
instructors, 12 students maximum. Tampa, 
February 1-3 and March 1-3; Dallas, March 
22-24; Denver, April 5-7. ANESTHESIA 
EXAM REVIEW, 7128 Regents Park, 
Toledo, OH 43617. (419) 843-4480. 

557L/A 


DON'T FAIL THE WRITTEN BOARDS/ITE 
New 1990 edition of practice questions (in- 
cluding past board remembered questions), 
answers, test-taking techniques, and more. 
We want to help you pass. Order the 
original, MEDTEXT call 1-800-695-6301 24 
hours a day. 

564L 
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A TRIC CARDIAC ANESTHESIOLOGIST 


: i University (WVU) Health Sciences Center, Department of 
gy. is recruiting for a pediatric cardiac anesthesiologist. Our 
«currently has 15 faculty members and sponsors an approved 
nining program, which has 24 residents. 
™s for entry as Assistant Professor include completion of CA 
ship year, with Board Certification preferred. An outstanding 
dortunity is provided as resident and medical student educa- 
nt the primary mission of the Department. Related responsi- 
ude clinical anesthesia with a rare opportunity to provide 
for complex congenital heart surgery in neonates, like hy- 
ft heart syndrome and arterial switch procedures. The Pedi- 
ac Surgery Service performs 180-200 cases per year. Seven 
ardiologists cover the entire state through outreach clinics. 
ies are available for collaborative research projects with the 
Pediatric Cardiology and the Pediatric Cardiac Surgery Ser- 


ion requires selection of the tenure track, with its concerted 
ommitment. Time and start-up monies will both be available to 

lis research. 
n Morgantown, West Virginia, approximately 75 miles south of 
1 On major interstate highways. The area, providing abundant 
1 for all seasons, is situated in the scenic Allegheny Highlands 


services are provided at the Ruby Memorial Hospital, a tertiary 
er which opened in July, 1988. This $87 million, 376-bed facility 
12 operating roms, all with state-of-the-art equipment. 
¿nce of tremendous institutional growth is the new $25 million 
n Office Center, which houses the largest multi-specialty group 
in the State: the new Cancer Center, which is the State's only 
signated cancer research center: Chestnut Ridge Hospital, a 
sychiatric hospital for comprehensive inpatient and outpatient 
d a 60-bed rehabilitation hospital, now under construction. 


s an Equal Opportunity/Affirmative Action Institution. 


itional information contact: Edward Stullken, M.D.. Chairman. 
l {ent of Anesthesiology. WVU Health Sciences Center, Morgan- 
M T ANV 26506. Telephone: (304) 293-5411. 


3 AND EVOKED POTENTIALS: INTRAOPERATIVE 
AND ICU MONITORING 


January 3-6, 1991 

e Buena Vista Palace 
.e Buena Vista, Florida 
alt Disney World Village 





ese Directors: Betty L. Grundy, M.D., Michael E. Mahla, M.D. 
and William A. Friedman, M.D. 
JLTY: Philip G. Boysen, M.D. Edward J. Hammond, Ph.D. 
Fred Bauman, R. EEG/R. EP T. Christopher F. James, M.D. 
Geraldine M. Chadwick, M.A. Steven A. Reid, M.D. 
Gian E. Chatrian, M.D. Frank W. Sharbrough, M.D. 


Jasper Daube, M.D. Kathryn A. Toney, B.S. 
Salvatore R. Goodwin, M.D. 


rn all YOU need to know about EEG and Evoked Potential 
nitoring 
= distinguished faculty will present indications methods, and 
werpretation techniques for EEG and evoked potential moni- 
ing. Participants will be divided into small groups for a more 
sonal, hands-on approach, using a wide variety of EEG and 
ed potential systems. 


rse tuition is $500 ($550 after November 30, 1990). Cancel- 
n of registration by written notification only prior to Decem- 
1, 1990. There is a $50 cancellation fee. This program has 
en approved for 25 hours in Category 1 of the Physicians 
cognition Award of the American Medical Association. 








complete information contact Mrs. Carolyn Schoenau, Pro- 

n Coordinator, Anesthesiology Alumni Association of Flor- 

. Inc., Post Office Box 13417, Gainesville, Florida 32604 (Area 
904 392-8959). 








Stadol® (butorphanol tartrate) 


For complete information consult official package circular. 


INDICATIONS AND USAGE 

Stadol is recommended for the relief of moderate to severe pain. Stadol can also be used for preoperative 
or preanesthetic medication, as a supplement to balanced anesthesia, and for the relief of prepartum 
pain. 


CONTRAINDICATIONS 


Stadol should not be administered to patients who have been shown to be hypersensitive to it 


WARNINGS 

Patients Physically Dependent on Narcotics 

Because of its antagonist properties, Stadol is not recommended for patients physically dependent 
on narcotics. Detoxification in such patients is required prior to use 


Due to the difficulty in assessing addiction in patients who have recently received substantial amounts 
of narcotic medication, caution should be used in the administration of Stadol. Detoxification of such 
patients prior to usage should be carefully considered. 


Use During Balanced Anesthesia 

Since the combined respiratory depressant effect of all intravenous medication used during conduct 
of general anesthesia may lead to underventilation or apnea, butorphanol should be administered 
during balanced anesthesia only by persons specifically trained in the use of intravenous anesthetics 
and adjuncts, the maintenance of a patent airway and management of respiratory effects of all 
intravenous medication administered. 


An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily 
available. 


Drug Dependence 

Special care should be exercised in administering Stadol to emotionally unstable patients and to 
those with a history of drug misuse. When long term therapy is contemplated, such patients should 
be closely supervised. Even though Stadol has a low physical dependence liability, care should be 
taken that individuals who may be prone to drug abuse are closely supervised. It is importan: to 
avoid increases in dose and frequency of injections by the patient and to prevent the use of the drug 
in anticipation of pain rather than for the relief of pain 


Head Injury and Increased Intracranial Pressure 

Although there is no clinical experience in patients with head injury, it can be assumed that Stadol, 
like other potent analgesics, elevates cerebrospinal fluid pressure. Therefore the use of Stadol in cases 
of head injury can produce effects (e.g., miosis) which may obscure the clinical course of patients 
with head injuries. In such patients Stadol must be used with extreme caution and only if its use 
is deemed essential. 


Cardiovascular Effects 

Because Stadol increases the work of the heart, especially the pulmonary circuit, (see Clinical 
Pharmacology), the use of this drug in acute myocardial infarction or in cardiac patients with 
ventricular dysfunction or coronary insufficiency should be limited to those who are hypersensitive 
to morphine sulfate or meperidine 


PRECAUTIONS 

Certain Respiratory Conditions 

Because Stadol causes some respiratory depression, it should be administered only with caution 
and low dosage to patients with respiratory depression (e.g, from other medication, uremia, or severe 
infection), severely limited respiratory reserve, bronchial asthma, obstructive respiratory conditions, 
or cyanosis. 


Impaired Renal or Hepatic Function 

Although laboratory tests have not indicated that Stadol causes or increases renal or hepatic 
impairment, the drug should be administered with caution to patients with such impairment 
Extensive liver disease may predispose to greater side effects and greater activity from the usual 
clinical dose, possibly the result of decreased metabolism of the drug by the liver 

Biliary Surgery 

Clinical studies have not been done to establish the safety of Stadol administration to patients about 
to undergo surgery of the biliary tract. 


Usage as a Pre-operative or Pre-anesthetic Medication 

Slight increases in systolic blood pressure may occur, therefore caution should be employed when 
Stadol is used in the hypertensive patient 

Usage in Pregnancy 

The safety of Stadol for use in pregnancy prior to the labor period has not been established. therefore, 


this drug should be used in pregnant patients only when in the judgment of the physician its use 
is deemed essential to the welfare of the patient 


Reproduction studies have been performed in rats, mice, and rabbits and have revealed no evidence 
of impaired fertility or harm to the fetus due to Stadol at about 25 to 5 times the human does 


Usage in Labor and Delivery 

In general, the safety to the mother and fetus following the administration of Stadol during labor 
has been established, however, there have been a few reports of infant respiratory distress/apnea 
occurring after delivery (less than 1%; see Adverse Reactions). Patients receiving Stadol during labor 
have experienced no adverse effects other than those observed with commonly used analgesics 
Stadol should be used with caution in women delivering premature infants 


Usage in Nursing Mothers 

The use of Stadol jn lactating mothers who are nursing their infants is not recommended, since it 
is not known whether this drug is excreted in milk Stadol has been used safely for labor pain in 
mothers who subsequently nursed their infants 

Usage in Children 

Safety and efficacy in children below age 18 years have not been established at present 


ADVERSE REACTIONS 
The most frequent adverse reactions in 1250 patients treated with Stadol are sedation (503, 40%), 
nausea (82, 6%), clammy/sweating (76, 6%) 


Less frequent reactions are: headache (35, 3%), vertigo (33, 3%), floating feeling (33, 3%), dizziness 
(23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness (12, 1%) 

Other adverse reactions may occur (reported incidence of less than 1%) are 

CNS: nervousness, unusual dreams, agitation, euphoria, hallucinations, seizures 

Autonomic: flushing and warmth, dry mouth, sensitivity to cold 

Cardiovascular: palpitation, increase or decrease of blood pressure 

Gastrointestinal: Vomiting 

Respiratory: slowing of respiration, shallow breathing, apnea 

Dermatological: rash or hives 

Eye: diplopia or blurred vision 


OVERDOSAGE 

Manifestations 

Although there have been no experiences of overdosage with Stadol during clinical trials, this may 
occur due to accidental or intentional misuse as well as therapeutic use. Based on the pharmacology 
of Stadol, overdosage could produce some degree of respiratory depression and variable cardiovascular 
and central nervous system effects 


Treatment 

The immediate treatment of suspected Stadol overdosage is intravenous naloxone. The respiratory 
and cardiac status of the patient should be evaluated constantly and appropriate supportive measures 
instituted, such as oxygen, intravenous fluids, vasopressors and assisted or controlled respiration 


SUPPLY 

Stadol (butorphanol tartrate Inj., USP) for ILM. or IV use is available as follows 
NDC 0015-5644-20 - 2 mg per mL, 2-mL vial 

NDC 0015-5645-20 - 1 mg per mL, 1-mL vial 

NDC 0015-5646-20 - 2 mg per mL, 1-mL vial 

NDC 0015-5648-20 - 2 mg per mL, 10-mL multi-dose vial 


For information on package sizes available, refer to the current price schedule 
BRISTOL LABORATORIES 
Bristol-Myers 


U.S. Pharmaceutical and Nutritional Group 
Evansville, Indiana 47721 
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